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General Introduction 
An adequate energy supply is necessary to the proper functioning of the 
physiological activities of an animal. In fact, a low energy level in the livestock diet 
leads to a low expression of their genetic potential, causing problems in their 
reproductive performances and milk and meat production (Thomas et al., 1988; Rhind 
et al., 2001). 
Livestock that use natural resources as the main source of food have periods of 
accumulation of body reserves, which are then used when intake is not sufficient to 
satisfy animal requirements. 
In sheep breeds highly specialized for milk production, such as the Sarda breed, 
energy deficits may occur in the first period of lactation due to insufficient food 
ingestion, which does not meet the mammary tissue requirements for milk synthesis 
(Bauman and Currie, 1980). 
The knowledge of the animal body condition, especially in the most important 
moments of the productive and reproductive cycles of livestock, is very important to 
determine the best feeding strategies. 
 
1. Importance and role of animal body reserves 
Adipose tissue is the main site of accumulation of body reserves in the animal. 
This process of fat cells accumulation, known as homeostasis, alters the tissue 
responsiveness which modifies the lipolysis and lipogenesis process (Bauman and 
Currie, 1980). However, other mechanisms such as genetic factors (homeoretic) are 
involved in the body reserve mobilization (Smith and McNamara, 1990). During the 
breeding period, the lipid reserves of the animal change, with an increase during 
pregnancy, and mobilization at parturition and the beginning of lactation (Bauman and 
Currie, 1980). 
Adipose tissue is constituted by adipocytes that store fat doplets within 
themselves (Meregalli et al., 1996 and Bell, 1995). This fat cells derive from 
mesenchymal cells, which start developing from the second month of gestation in sheep 
(Leat and Cox, 1980). During growth the fat cells start multiplying and differentiating, 
to form a differentiated cell called preadipocytes (Ailhaud et. al., 1992). Adipocytes are 
the cells responsible for the excess energy stored in the form of lipids and begin their 
activity when they reach a diameter of about 10 μm (Robelin and Casteilla, 1990). 
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1.1 Lipid metabolism and regulatory factors 
Fatty acids involved in the lipid metabolism have two different origins, 
lipogenesis and lipolysis. Lipogenesis occurs in adypocites by two ways: i) synthesis ex 
novo of adipocytes that requires a carbon (glucose and acetate in monogastric and 
ruminants, respectively) and a hydrogen source; and ii) uptake of the fatty acids that 
arrive to the adipocytes through the blood, and then develop to a size of 100-200 μm 
(Bauman, 1976). Lipolysis is the process mediated by the lipase enzyme through which 
the triglycerides are split in the cytoplasmic compartment with output of glycerol and 
fatty acids. The lipase action is enhanced by the following hormones: growth hormone 
(GH), epinephrine, norepinephrine, and glucagon. 
The major factors regulating lipid metabolism are GH, insulin, leptin and 
catecholamines. The GH plays an important role in the homeorhetic process, modifying 
the animal reproductive cycle (Roche, 2007). Insulin is the main protein hormone 
responsible for fatness (lipogenesis) and levels of this hormone change during the 
production cycle of the animal (Bell and Bauman, 1997). Another protein hormone that 
plays an important role in lipid metabolism is the leptin, secreted by adypocites, which 
induces satiety signal in the brain (Zhang et. al., 1994). Epinephrine and 
norepinephrine, secreted by adrenal medulla, are the main catecholamines that play an 
important role in the lipid metabolism; this hormone facilitates lipolysis in early 
lactation cows (McNamara, 1988). 
 
2. Changes in body reserves at various physiological stages 
During growth, the fat deposit occurs due to two processes: the increase in 
adypocite size (hypertrophy) and number (hyperplasia). These two processes may take 
place concurrently or separately, though hyperplasia normally occurs earlier in the life 
of an animal (Vernon, 1980). 
In sheep, this growth begins as early as in the fetal stage and completes once 
maturity is achieved. Broad et al. (1980) observed in Romney sheep breed that between 
120 fetal day and 5 years of age the amount of fat increased by approximately 500 
times. 
The body reserves development is different among growing lambs and adult 
ewes. In the fetal period approximately between 10 and 50 days, fatty tissue 
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development in omental, subcutaneous and intermuscular depots, this is the result of the 
adipocyte hyperplasia and hypertrophy. 
Several authors studied the development of fetal fat tissue in lambs. For 
example, Alexander (1977) reported different development among the various fat 
depots in Merino lambs and that it is possible to start identifying and dissecting the fat 
at approximately 70 days of age. Broad and Davies (1980) showed that the start of fat 
development takes place at 80 days of age in Romney fetal lambs. 
During the lactating period after birth, lambs are almost exclusively fed breast 
milk, which contains a high fat and energy content and leads to an intensive 
development of the fat tissue (Prentice and Paul, 1990). 
Bocquier et al. (1988) discussed in detail the changes of fat deposition in lambs. 
In brief, the development of fat tissues during the lactating period is due to both 
hyperplasia and hypertrophy processes in all three fat depots: omental plus mesenteric, 
subcutaneous and intramuscular. In lambs, weaning causes a major change in feeding, 
because the animal pass from a food rich in nutrient as the breast milk, to the ingestion 
of concentrate and forage poor in fat and rich in carbohydrates and crude proteins. The 
weaning is a stage where the animal passes from the monogastric to the ruminant stage, 
during which the food passes in the rumen compartment that gradually acquires a higher 
functional activity. During weaning period, lambs can have loss of fat, as a result of the 
separation from the mother and the change in the physical and social environment. After 
weaning, characterized by a low or not intense development of fat tissue, other 
precursors, such as propionate, come into play and increase the synthesis of fatty acids 
from glucose. From this moment, adypocite proliferation (hyperplasia) is replaced by 
the growth of the adypocite (hypertrophy), which contributes to the development of 
fatty tissue until the mature stage. 
 
2.1 Change in body reserves of adult sheep 
During the production cycle, energy requirements of ruminants vary depending 
on their physiological state. This phenomenon is marked in Mediterranean environment 
where energy requirements are very high in certain periods (early lactation) and animals 
do not satisfy them only with food (negative energy balance), thus mobilizing their lipid 
reserves (Cannas, 2001). The results of the hypo-caloric diet is weight loss, 
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characterized by atrophy of the peri-visceral fat, followed by atrophy of parenchyma, 
muscles and other glandular tissues. 
In other periods (spring and summer) energy requirements are lower than energy 
inputs (positive energy balance) and the energy surplus is used for reserve 
accumulation. 
In sheep, during the production cycle (gestation lactation and dry), nutrient 
requirements vary in ratio between 1 and 3 for energy and between 1 and 4 for proteins, 
although their ingestion capacity varies from 1 to 2.3 (INRA, 1988). As it occurs with 
other species, this is the result of the alternating phases of excessive and deficient 
dietary intake in relation to animal nutrient requirements. During the phase of adequate 
feed availability, animals reconstitute their body reserves that are then mobilized when 
the ingestion is not sufficient to sustain production. 
The phases of surplus and deficit in food supply result in a variation in the body 
composition, influenced by a change in the weight of the animal constituents: body 
mass, digestive tract content and mammary gland capacity. The increase in body weight 
in pregnant sheep in late gestation is due to the weight of the fetus and its annexes, that 
leads to a reduction of the digestive system content and body reserves. During lactation, 
sheep use their body reserves as lipids, to provide energy, and muscles, to provide 
proteins. However, because, at this stage, the increase in hay consumption leads to an 
increase in the weight of their digestive content, the body weight does not permit to 
correctly understand their nutritional status (Bocquier et al 1988). The important 
physiological periods for sheep are: mating, pregnancy and lactation. 
 
2.2 Nutritional reserves in the mating period 
In the mating period, sheep requirements depend mainly on their body weight 
and the needs to reconstitute body reserves useful in late lactation. The accumulation of 
body reserves depends on the weight and the body status at 4-6 weeks before mating. 
In case of insufficient presence of food resources or short dry period, animal 
body reserves are not sufficient for the next pregnancy. The “flushing” technique is 
used to improve the results of the mounting; this technique consists of an energy 
overfeeding (20 to 30% more than the maintenance needs) (INRA, 1988). 
The “flushing” effect is variable according to the fattening status of the animal, 
the greatest effect is on ewes with BCS from 2.5 to 3, whereas it is null on animals that 
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are too thin, i.e. BCS lower than 2, or too fat, i.e. with BCS than higher 3.5 (Theriez et 
al., 1987). 
Molle et al. (2001) studied the short and long term effect of energy balance on 
fertility and fecundity of Sarda ewes. The short-term effect (dynamic effect), due to 
flushing, caused an increase in fertility with a positive change in the BCS. Fertility was 
reduced in sheep that lost weight two weeks before the insemination. As regards 
prolificacy was affect by the long-period effect (static effect), due to the fat cover 
present at the insemination time, caused an increasing in prolificacy and BCS. Optimal 
BCS values in Sarda ewes were between 2.75 and 3, with higher values causing a 
decline in fertility and fecundity. 
During the mating period and in the first month of gestation, rapid changes in 
feeds interfere with the heat and cause embryo mortality. The supplementation in this 
period is based on the evaluation of the animal body state and aims at the recovery of 
their body reserves. 
 
2.3 Nutritional reserves in pregnancy 
The five months of animal gestation can be divided into 3 parts corresponding to 
the physiological phenomena and the different nutritional requirements. The embryo 
develops within the first month of gestation fixating on the uterine cavity around day 
16
th
. In this period it is recommended to maintain the dietary level of the previous 
period (mating). The fetus continues growing in the second and third month of 
pregnancy, its daily growth is low, and animal requirements are insignificant. In this 
period (30 days) the poor nutritional intake interferes in the reproductive sphere causing 
embryonic mortality. During the second month, the formation of the placenta and 
development of nerve tissues and bones occurs. For this reason, Rassu et al. (2001), 
suggested to feed the ewes just above the maintenance requirements using good quality 
forage during pregnancy. Dietary intake should not be less than the maintenance 
requirements particularly in prolific sheep. Under-nutrition in early gestation has 
damaging effects on the recovery of body reserves (gravidic anabolism) and placental 
development, it leads to a lower production of placental galactogene hormones 
(mammotrophines) and a lower development of the breast parenchyma; all these factors 
affect the next lactation. 
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 months) is a delicate period for the animal; this 
period is characterized by exponential growth in the somatic development of the fetus 
and of the uterus. This causes an increase in nutritional needs and requires a careful 
food management, because both under and over-nutrition have deleterious effects on the 
animal. The fetus growth leads to the reduction in the rumen physical space that 
precludes the achievement of the intake level necessary to satisfy nutritional 
requirements. The over fattening implies negative feedback on appetite due to the action 
of the leptin anorectic hormone. In animal with negative energy balance, there is fast 
mobilization of body reserves, which will be converted into ketone bodies 
(hydroxybutyrate, acetoacetate and acetone) responsible for the energy supply to the 
peripheral tissues, when blood levels of glucose are limited. An excess of ketone bodies 
in relation to the ability of being used by peripheral tissues leads to their accumulation 
in the blood with the problem of metabolic ketosis (Cannas, 2001). A strong under-
nutrition during late gestation period causes a reduction in the lamb weight at birth 
(Gardner et al., 2007) or pregnancy toxemia which is responsible for abortion or the 
death of the animal. 
 
2.4 Nutritional reserves in lactation 
During the lactation period, animal requirements are very high within the first 
weeks, despite the rapid increase in the ingestion capacity; animals do not ingest 
sufficient food to cover their requirements and have to mobilize their body reserves 
(Bauman and Currie, 1980). In this stage, the mobilization of body reserves does not 
lead to serious animal diseases. 
The insufficient energy or protein intake that results in a reduction of milk 
production can be offset by an increasing ingestion of concentrate feeds. Sheep 
requirements vary depending on milk yield and composition. Despite that, it is very 
important to ensure that the sheep begin lactation with an adequate body reserves 
(Louca et al., 1974). In the first 6-8 weeks losses should not exceed the 15% of total 
body weight (Cannas, 2001). 
The peak of milk production occurs within the third and the fourth week of 
lactation, while ingestion is lower than that nutrient requirements. The negative energy 
balance should not be excessive to avoid a loss of the secretor cells efficiency, or a 
contraction of the breast parenchyma. Eight weeks post-partum, the ingestion reaches 
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its peak and the energy balance positive leads to a recovery of body reserves. This 
recovery will be gradual in order to not compromise the current lactation and not cause 
reproductive inefficiency in the next phase of mating. 
There is a cyclical variation in body reserves according to the nutritional status 
of the animal (affected by the interaction between quantity and quality of food and 
animal requirements due to a particular physiological condition). Other factors that 
influence the body reserves variation are: species, breed, sex, diet and intrinsic genetic 
factors of the animal (Friggens et al., 2002). 
 
3. Factors of variation in the fatty tissue development 
3.1 Breed 
The different breeds of the same species affect the body composition by two 
aspects related to the adipose tissue: the total amount of body fat, and the different fat 
depot distribution. Studies with different breeds selected for meat or milk production 
showed different body fat distribution, with a higher deposition of subcutaneous fat in 
meat breeds than in milk breeds, which present a greater fat deposition in the visceral 
internal cavity (perirenal and omental) (Wood et al., 1980, Kempster, 1981 and Ronchi 
et al., 1993).Comparisons among animals with the same body weight or empty body 
weight showed that animals of different breeds have different amounts of fat (Soret et 
al., 1998; Oman et al., 1999, 2000). 
3.2 Sex 
The amount of body fat reserves and the fat deposition differ according to the 
sex of the animal. Several studies showed that females have an earlier fat tissue 
development than males. These differences are associated with distinct efficiency of 
protein assimilation and different composition of weight gain between sexes (Robelin 
and Thériez, 1981). Females with the same carcass weight present higher fat percentage 
and lower bone and muscle proportion than that of males (Benevent, 1971). For the 
same BW (as percentage of adult BW), females are more mature than males 
(McClelland et al., 1976). Different endocrine balance characteristic of each sex seems 
to originate the differences. Two different compounds involved in metabolism are 
different in each sex: male lambs present a higher concentration of growth hormone 
(GH), which induces an intense lipolysis and protein synthesis; females, instead, present 
higher glycerol synthesis (Shidu et al., 1973). In general, the body fat deposition is 
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earlier in females than in castrated males and earlier in castrated males than in entire 
males. It was concluded that the fatty tissue development takes place earlier in females 
than in males (Thonney et al., 1987; Mahgoub et al., 2004). 
3.3 Diet 
Feed level and composition of the ration are an important factor in the 
development of adipose tissue. Feed quality and intake affect the growth rate and the 
animal body composition. High energy feed in the diet supplied ad libitum yields 
heavier carcasses with more fat compared to diets with a small and low energy content 
(Cameron et al., 2001). 
In lactating lambs, the ingestion of a lot of breast milk leads to an important 
development of adipose tissue. In the post-weaning period, the administration of 
concentrates and forages only and the stress associated with weaning slow down 
fattening; after this period there is a phase of considerable fat deposition (Vernon, 
1986). 
The ingestion level reached through the ration nutrients (energy and protein) has 
a direct influence on the growth rate and body composition (Theriez et al., 1982). 
The study of Purroy et al., (1993) showed different growth in fat and muscle at 
different feed nutrient supply in lambs: diet with high metabolizable energy lead to 
higher fat depots than that the diet with high protein content, which lead to thinner 
animals thinner for the same slaughter weight. 
 
4. Methods for body reserve estimation 
A correct management of animal body stores is essential to have a profit and 
adequate production, especially in extensive farming systems as the typical 
Mediterranean system. 
In the Mediterranean system, animals graze to meet their nutritional 
requirements. Thus, accumulation of fatty deposits may occur during periods of excess 
feeding, whereas mobilization takes place in the deficient ones. It is necessary to 
estimate the animal body reserves in order to reduce problems related to deficient or 
excessive feeding. 
Several methods have been developed to carry out an estimation of body 
reserves in vivo and post-mortem, with differences in their utility, complexity and 
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accuracy. Methods to assess the fatness in vivo are particularly interesting to estimate 
and adjust the management of the flock. 
Different techniques and methods to estimate body composition and animal 
carcass are extensively described in the literature (e.g. Russel et al., 1969; Cowan et al,. 
1979; Vernon et al., 1981; Kempster et al., 1982). These methods can be divided into 
two groups: direct and indirect methods. 
4.1 Direct methods 
Direct methods to evaluate the animal fatness require the sacrifice of the animal. 
The main direct methods studied are based on anatomical, histological and tissue, and 
chemical composition (Delfa et al., 1997). 
The anatomical composition is based on the carcass cuts that correspond to 
commercially accepted models; these anatomical regions regard similar quality and 
culinary preparation. 
The histological and tissue composition consists in the technique of dissection; 
on which parts are obtained divided into principal components: muscle, bone and fat. 
The chemical composition corresponds to the chemical analysis after the cutting 
and the grinding of the entire carcass of the animal to evaluate fat, humidity, protein and 
ash. This analysis allows calculating the total energy contained in the animal body. 
Comparing the two methods, Colomer-Rochre et al. (1988) obtained data of more 
accurate values with the method of dissection than with the chemical analysis of the 
carcass. 
Even if direct methods are accurate to determine the animal body composition, 
they present some disadvantages, such as: the excessive cost due to the destruction of 
the animal body, the use of appropriate tools and reagents for the analysis and the time 
needed for the dissection and the chemical analysis. However, all these methods 
represent the fundamental pillar on which indirect methods are based. 
4.2 Indirect methods 
Indirect methods for the estimation of the body composition base their 
methodology using an index or part of body measurements which relates to animal body 
reserves. They are divided into the following groups (Delfa, 1992): 
Subjective assessment 
 Subjective visual evaluation 
 Body condition score method (BCS) 
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Measurements on the animal body in vivo 
 Body weight (BW) 
 Somatic measurements 
 Methods of marker diffusion related to water body 
 Determination of the subcutaneous adypocite diameter 
 Radioactive isotopes 
 Volume of red blood cells 
 Level of blood metabolites 
Measurements on parts of the animal body in vivo 
 Measuring the thickness of subcutaneous fat and longissimus dorsi 
muscle 
 Ultrasound 
 Computerized axial tomography 
 Nuclear magnetic resonance 
Some of these methods can be easily used in the field (BCS, BW, somatic 
measures), whereas others require expensive and sophisticated equipments used only in 
research. Following are discussed the major techniques used for body reserves 
estimation. 
 
Evaluation in the animal body in vivo 
4.2.1 Body weight (BW) 
The evaluation of the body state to evaluate changes in the body reserves of the 
animals can be carried out from the livestock through the measurement of the body 
weight. This method is particularly valid when applied to animals of the same race and 
sex following a similar diet. 
The growth is caused by the multiplication (hyperplasia) and increase in volume 
(hypertrophy) of the cells or by the incorporation of specific environmental components 
(Flier and Maratos-Flier, 2000 cited by Ndlovu et al., 2007). 
Body weight is usually measured in animals which have been fasting for 12 
hours (empty body weight) (Brandano, 2005), so that the digestive content does not 
affect the weight. Changes in body reserves evaluated through the body weight can be 
carried out very simply and with a low cost, but without high accuracy. These methods 
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are not indicated for ruminants with large variations in the body weight, especially 
females during gestation and lactation. 
The variations in body weight depend on different phenomena (Cannas, 2008) as 
follows: 
1. Factors related to food: 
a) Heavier weight if the animal is fed hay and silage, and lighter 
weight if fed concentrate or cut hay; 
b) By grazing the animal reduces its weight; 
c) For the same intake, the higher the food digestibility is, the 
lighter the weight; 
d) High levels of ingestion increase the weight (3-4 kg for each kg 
of dry matter ingested); 
e) Physiological stage effects on weight related to the intake level 
(decreasing ingestion at the end of the pregnancy). 
2. Factors related to the uterine and breast content 
a) Fetus and uterus weight. The fetus weight is equal to 60% of the 
uterus weight; at birth there is a reduction in weight caused by 
both the loss of the fetus and the uterine involution; 
b) Breast and milk weight variations with lactation. 
3. Factors related to variations in body mass and tissue composition 
(muscle, lipid, protein and water) 
a) Changes in lipid reserves: in the final phase of pregnancy it is 
possible to lose up to 50% of body reserves, in the early lactation 
up to 75% (6-7 kg in the first six weeks); 
b) Change in protein reserves: one kg of protein is associated with 4 
kg of water; sheep lose up to 1 kg of protein in the first six weeks 
of lactation. 
The body weight evaluation is commonly used to monitor the nutritional status 
and growth of animals (Chimonyo et al., 2000 cited by Ndlovu et al., 2007). However, 
the body weight does not reflect the nutritional status of the animal (Oulun, 2005 cited 
by Ndlovu et al., 2007). Animals with large bone structures may present a higher weight 
compared to animals with a small bone structure with different body reserve depot 
(Ndlovu et al., 2007). The use of body weight to assess body reserves does not represent 
a valid and accurate method to measure the amount of animal reserves. In order to 
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minimize the error using body weight for body reserve assess, the animals should be 
weighed at fixed times and by fasted (water and food) to obtain empty body weight. In 
conclusion this method is not very accurate; however, has the advantage of being easy 
to perform, quickly and economically. 
 
4.2.2 Somatic measurements 
Somatic measurements methods can be used as a predictor for body reserves 
estimation. This is an indirect approach using measurement of the specific body parts. 
This measurements include length, height, width and circumference of the animal for 
body weight estimation. 
Some studies have evaluated different somatic measurements, such as body 
length, height at withers, chest depth and chest girth, as body weight predictors in 
Muzaffarnagri sheep (Bhadula et a1., 1979) and in Sarda and Lacaune ewes (Ronchi et 
al., 1993). This first study cited above demonstrated that these measures are correlated 
the most with weight at birth and during early growth. The validity of somatic 
measurements methods for body reserves estimation varies between growing or mature 
animals, because of growth differences in body tissues. In early growing animals, bone 
tissues form a major portion of weight in lambs, thus bone growth is the best predictor 
in this stage. At maturity the fat and muscles growth represents the best predictor 
compared to bones (Wiener and Hayter, 1974). 
Heart girth is the single parameter that is related the most to body weight. It has 
been used as a predictor of the body weight in cattle, horses, pigs, sheep and goats. 
Orji and Steinbach (1981) studied the correlation between some somatic 
measures, such as heart girth, height at withers, and body length, and the body in 
Nigerian dwarf sheep in which found that heart girth was nearly perfectly correlated to 
the body weight. 
Somatic measurement method is not widely used for body reserves estimation, 
except for some studies in which heart girth was used to study variation in body weight 
in goats and cows (Slippers et al., 2000 and Goe et al., 2001). 
 
4.2.3 Methods of the marker diffusion related to water body 
The body composition can be estimated in vivo by quantifying the water 
contained in the body. This is possible because there is a high correlation between body 
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composition and water content (Lifson and McClintock, 1966). Different markers can 
be used for water estimation, such as deuterium, tritium (hydrogen isotopes identified 
by physical means), oxygen-18 and urea alcohol (Ligios et al.,1995). 
This method is based on the two assumptions that the body composition is 
related to the water content and that body water can be measured using soluble markers. 
Moulton (1923) cited by Midwood et al. (1989) found that the water percentage varied 
from 73% in cows, 75% in sheep, 78% in pigs, and the percentage of protein was 22%, 
20%, 19% respectively on a fat-free basis. 
Measurement of the water content can estimate lipid and protein weight in the 
body. The measurement is made by the body water dilution technique with markers. 
These markers are injected into jugular vein and during 24-48 hours after 
injection blood samples are collected, in order to observe any change in the 
concentration of markers within the body water. This technique presents disadvantages 
related to the marker loss through urine, water transpiration, methane and tissue 
synthesis, which cannot be detected. This technique was also tested on Sarda sheep 
(Ligios et al., 1995), confirming the validity of this method for the body reserves 
estimation, showing the relationship between BCS and body fat percentage. 
The assessment of body reserves using water diffusion methods with markers 
has the following characteristics (Castrillo et al., 1997): 
1. It can be easily used in experimental condition, but not in livestock 
farms; 
2. It does not consider the type of animal; 
3. It provides a good estimate of lipids and proteins in the body only with a 
good body weight measurement; 
4. Its cost is proportional to the body weight of animals, and the use is 
justified in small-sized animals. 
This method is useful and powerful to predict the body composition in 
experimental conditions and its cost is relatively low in small-sized animals. 
 
4.3. Methods based on the measurement of the animal body 
There are other methods to measure thickness of fat and muscles in animal 
studies. Their principles are based on the development of computerized digital images. 
Some studies conducted on pigs, fish and other animals used this technique (video 
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image processing) for body reserves measurements. Some of these techniques have 
been entirely automated, without human intervention (Burke et al., 2004). 
Other methods used for estimating the body condition of animals are dual-
energy x-ray absorptiometry (Clarke et al, 1999), computed tomography and ultrasound. 
These techniques assess the composition of the animal, by measuring fat, protein and 
lean content. However, to our knowledge, relevant studies on on this topic conducted on 
sheep have not been published. The image analysis of sheep has evident problems; fo 
example, the wool obscures the body making it difficult to calculate relevant measures. 
 
4.3.1 Ultrasound 
The ultrasound has become an important, easy-to-use and economical mean for 
scanning the animal body, by producing images of the tissues using ultrasounds 
generated by a transducer which uses a piezoelectric material such as quartz. The 
ultrasound is a sound of 20 kHz of frequency, which varies from 1 to 20 MHz of 
frequency according to the depth studied; high frequencies provide high image 
resolution but operate at lower depths. Each tissue opposes a different resistance to the 
ultrasound crossing; this phenomenon is known as acoustic impedance. For example, 
air and water have a low acoustic impedance. Fat, liver and muscles have medium 
impedance, whereas bones have a very high one. The different points of passage among 
the tissues are known as interfaces. The ultrasound beam is partly reflected (echo) and 
partly absorbed by the tissue, and the echo heads again to the transducer probe and 
generates an electric current. This input is processed and converted into an image 
visible on the monitor. There may be some air between the probe and the skin causing a 
total ultrasound reflection; thus, a gel is used to prevent the air passage (Teixeira et al., 
2006). 
This technique is non-invasive, non-destructive and non-painful, uses a portable 
instrument capable of giving repeatable images, but it must be managed by specialized 
personnel. 
The use of ultrasound to estimate the body carcass composition of animals dates 
back from the years 50
th
, but only since the 80
th
 specific instrument devices have 
appeared for the animal scanning and several authors began to use this methodology 
(Jones et al., 1982, Edwards et al., 1989; Simm and Dindwall, 1989). 
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Today real time ultrasound (RTU) technique is used in various fields of animal 
science, such as genetic improvement, nutrition, meat production and reproduction. 
The main limits to the utility of ultrasound in sheep for body reserves estimation 
are: high initial equipment cost, the different fat thickness compared to that of other 
species, the absence of changes in subcutaneous tissues and the wool presence; 
however, the skin can be shaved to obtain a better image (Teixeira et al., 2006). 
The RTU method is based on a system using repeated scans of an area to form 
an image in real-time. With this technique it is possible to identify the different body 
components: fat, muscles and bones. The quantification of the intramuscular fat 
thickness would require a more advanced technology (Whittaker et al., 1992). 
The RTU technique for the body composition estimation in sheep provides 
scanning on the lumbar region, chest and sternum. In these parts of body there is a clear 
distinction between muscle, bone and subcutaneous fat. The anatomical locations 
measured are not unique among authors. Some prefer the detection of a specific rib or 





 rib or between the third and the fourth lumbar vertebra (Teixeira et al., 
2006) to detect the thickness of the subcutaneous fat and longissimus dorsi muscle. In 
according to the thickness of adipose tissue and the type of muscles measured, two 
probes types at different frequency of 3.5, 5 and 7.5 MHz can be used. Probes with low 
frequency (3 or 5 MHz) allow high tissue penetration to study more in depth, whereas 
probes of 7.5 MHz lead to more detailed examination at about 2-4 cm of depth (Teixeira 
et al., 2006). Several studies have demonstrated that this RTU technique can be used in 
small ruminants for thickness of subcutaneous fat and muscle estimation with high 
accuracy and high correlation in sheep (Teixeira et al., 2006) and in kids and goats 
(Cadavez et al., 2002, and Delfa, 2004). This technique has aspects that should be 
widely studied, to improve its results, such as: scan point selection, animal position, 
probe types, pressure of the probe on the body and operator experience. 
Neverthless, this technique has been improved by new technologies used 
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5. Body condition score (BCS) 
The body condition score (BCS) is a widely subjective method used in livestock 
to estimate the amount of animal body reserves at different stages of production. This 
method is based on visual (in cows) and tactile (in sheep and goats) assessment. The 
second type of assessment  estimated body fat and muscle reserves by palpation of 
specific parts of the body of small ruminants. This method involves assigning a score to 
animals in relation to the amount of tissue reserves (fat and muscles) present in 
particular anatomical regions with specific prominences. These prominences are bones, 
ribs, spinous processes of the vertebral column, transverse processes, ileum, based on 
the tail, sacrum and lumbar vertebrae. 
This method is particularly used on sheep, cattle and other livestock. It is rapid, 
practical and economical and reflects the changes in the energy reserves of the animal. 
In the years many subjective measurements of body composition, known as body state 
and meat state, have been used to estimate the proportion of animal fat. The BCS 
method was developed for the first time by Jefferies (1961) in Scotland, creating a 
method of evaluation of the body condition in sheep with a scale score from 0 to 5 
(from very thin to very fat). This method involves the assessment of the fat and muscle 
coverage on the lumbar region of the animal. The selection of this portion is based on 
the fact that it is the last place where subcutaneous fat deposits, and the first where fat 
mobilization occurs (Jefferies, 1961; Russel et al., 1971; Teixeira et al., 1989); 
therefore, it follows the trend of animal body composition during the year. 
Subsequently, this technique was extended to other species, such as dairy cattle 
(Sac, 1976) and beef cattle (Lowman et al., 1976), for which a scale with multiple 
scores with values from 1 to 9 was created (Spitzer, 1986). In small ruminants, other 
body areas were included to estimate the body condition, such as the base of the tail in 
sheep (Mlc, 1981) and the sterna region in goats (Santucci, 1984). Short and Adams 
(1988) proposed an order of energy nutrient distribution on which the BCS application 
is based: 1) basal metabolism; 2) mechanical activity; 3) growth; 4) body energy stores; 
5) current pregnancy; 6) lactation; 7) extra energy reserves; 8) estrous cycle ovulation 
and pregnancy; and 9) excess reserves. 
Basis of these considerations, BCS is widely used in livestock production and 
contributes to the decisions regarding different management practices during production 
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cycle, such as selection of the mating period or when it is necessary to use energy 
supplementation during lactation (Short et al., 1996). 
 
5.1 Body condition score in cattle 
The body condition and the amount of nutrient reserves affect several aspects of 
the reproductive activity of an animal. Availability of simple and practical methods to 
estimate the body condition of cows is essential to gain information useful to improve 
the reproductive and productive efficiency of breeding systems. 
Body Condition Score, the mostly used in both dairy and beef cattle, represents a 
score indicating the fatness of an animal and its body condition, through the evaluation 
of specific anatomical regions of the animal (Edmonson et al., 1989). The evaluation of 
BCS must be performed observing the subject from the side, particularly the area of the 
buttocks, between the ischial and iliac tuberosity, and from behind, especially the base 
of the tail. The evaluation system of the body condition in cows refers to the coverage 
of bone structure and muscles of the ischial and iliac tuberosity, the traverse spinous 
apophysis of the lumbar vertebraes and the fatty deposits within the caudal area of the 
sacroiliac and sacroischial ligament. 
The BCS is different for meat and milk breeds. In dairy cattle a score from 1 to 5 
with intervals of 0.25 points is used (Edmonson et al., 1989), while in beef cattle a scale 
to score 9 has often been used (Wagner et al., 1988). 
At score assessment, it is important to observe the lateral tuberosity: in lean 
animals, it forms a "V" that tends to assume the aspect of "U" as the subject fattens. 
The scale of values commonly used in milk cows is that described by Lowan et 
al. (1976): 
1. Emaciated Subjects: 
a. Transverse processes of lumbar vertebraes are easily appreciable to 
the touch and sharp, significant depression among the processes; 
b. Deep "V" cavity at the base of the tail, with absence of subcutaneous 
fat; 
c. The region between the buttock and hip presents a severe depression, 
with no muscle coverage; 
d. Fairly elastic skin, but hair in poor condition (rough). 
2. Thin Subject: 
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a. The transverse processes of lumbar vertebraes are evident, but not 
prominent, the end part is pointed, but you cannot individually 
appreciate; 
b. The region between the buttock and the hip presents a marked 
depression; 
c. The base of the tail presents an evident, but not deep cavity, a "U" 
form and the bone structure has a roof muscle structure without fat. 
3. Average Subject: 
a. The transverse processes can be appreciated with a light pressure; 
b. The region between the buttock and hip presents a mild depression, 
with a thin layer of coverage; 
c. The lumbar region presents a slight depression; 
d. At the base of the tail there is a slight cavity, with a slightly fat 
accumulation; 
e. Very smooth and elastic skin. 
4. Fat Subject: 
a. The transverse processes are visible only through a lot of pressure 
and appear flat or rounded; 
b. The lumbar region and buttocks appear plan; 
c. The area between the ischial and iliac tuberosity is plan; 
d. The cavity of the tail base is almost completely filled by the adipose 
tissue. 
5. Obese Subject: 
a. No appreciable transverse processes, not even with strong pressure; 
b. The region between the buttock and hip is rounded; 
c. The base of the tail is completely filled by the adipose tissue, the 
bones are covered by fat; 
d. Ischial and iliac tuberosity disappears under the fat and it is 
impossible to appreciate the bones even with a lot of pressure; 
e. Fat on the tip of the buttock visible and soft to the touch. 
The BCS method is widely used in cattle through easy visual assessment. 
Several studies focused on the relationship between the body store changes and the 
reproductive and productive efficiency of beef and dairy cattle (Spitzer, 1986). In dairy 
cattle it is important to monitor the BCS in several physiological periods, such as the 
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end of gestation and postpartum, in order to modify the diet to ensure that body 
condition is adequate to the physiological condition. 
In dairy cows, high BCS class (3.25 and 3.75) was highly and positively 
correlated with fertility performances (Snijders et al., 2000), but also with milk 
production and general body state (Britt, 1992). Rapid weight and BCS losses that occur 
during the first 3-5 weeks postpartum cause major metabolic changes in ovarian 
follicles on animal with low BCS (Walters, 2000). The recovery of ovarian activity is 
delayed in cows with low body condition at calving (Houghton et al., 1990), which 
causes a lengthening of the calving period (Hess et al., 2005). The main differences in 
terms of fertility caused by body condition of cows occur at birth and early postpartum, 
corresponding to the recovery of reproductive activity (Hess et al., 2005). 
An extensive bibliography deals with the relationship among BCS and milk 
quantity and quality production. Walters (2000) demonstrated that there is a negative 
relationship between milk production and BCS at different physiological periods. Roche 
et al. (2006) showed that the milk fat content was positively correlated with BCS at 
calving, while protein content was not affected by BCS at calving, but was affected by 
body condition loss after calving. BCS monitoring during various physiological stages 
is very important in dairy and beef cattle. Requirements for animals with good body 
reserve (BCS=4-5) is lower than the one for the lean beefs (BCS=1.5-2), particularly in 
relation to energy nutrients. The dietary formulation is less expensive for animals that 
maintain their BCS constant through time. 
 
5.2 Body condition score in goats 
Determining the body condition score in small ruminants is not done by visual 
detection as in cows, but is made by palpation of different body regions, which differ 
between sheep and goats. In goats there is a different distribution of fat deposits, 
therefore goat body condition is the result of fat mass (the stock of energy reserves) and 
muscle mass (protein accumulation). 
In goats there is a different fat deposition than in sheep, the visceral fat is 
predominant and the renal pelvis deposits and omentum are the most important, due to 
the high lipid storage and mobilization. In goats, because it is very difficult to estimate 
the fat coverage by assessing the BCS of the lumbar region, as proposed by Russel et al. 
(1969), the lumbar spine and sternum region have been selected. The sterna region 
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palpation assesses the amount of skin and muscle density and fat coverage in the 
sternum. The body condition score is based on two results mediated by an examination 
of the lumbar spine and sternum region (Villaquiran et al., 2005). Some studies have 
reported different correlations between BCS and the different regions detected. In goats, 
Mendizabal et al. (2010) demonstrated the R
2
 of the regression between the weight of 
the five fat depot and BCS detected at the lumbar and sternal region was 0.59 and 0.90 
respectively. Similar findings were those of Ngwa et al. (2007), who obtained in Boer x 
Spanish goats a correlation value of 0.86 between BCS and carcass fat levels. In 
extensive production, the nutritional status of goats varies during the year in function of 
qualitative and quantitative nutrients in the diet. The food availability (spring and 
autumn) does not correspond with nutritional requirements and with their physiological 
stage (gestation and lactation). For these reasons, BCS monitoring is very important to 
minimize their body reserves mobilization during shortage of food. Simplicio and 
Santos (2005) found that low value of BCS (<2) during the mating and calving affected 
the future lactation and reproductive performance, whereas high value of BCS (>3.5) in 
these phases affected (in which way?) birth problems, and metabolic diseases in pre-
partum. At the end of gestation and early lactation there is a negative energy balance 
and fat reserves start the mobilization. In general this rapid mobilization is accompanied 
by BCS decrease because the ingestion of nutrients (energy, protein, vitamins and 
minerals) does not satisfy animal needs (Branca and Casu, 1989). 
The monthly BCS assessment monitors the storage or mobilization of body 
reserves. This information is useful to improve management strategies (breeding time, 
weaning etc.). For goats, INRA (1988) established the BCS recommended in various 
physiological stages: among 2.25 and 3.5 during dry period, 2.75-3.5 at birth, and 
higher than 2 at the lactation peak. 
 
5.3 Body condition score in sheep 
5.3.1 Methodology of BCS method 
Body Condition Scoring in sheep is an estimate of the muscle and fat cover of 
animal by palpation of different regions of the body. This method was originally 
described by Jefferies (1961) in Scotland sheep, consisting of a scale of six scores, from 
0 to 5, based on the fat coverage in the lumbar region. This method was subsequently 
modified by Russel et al. (1969) in English meat sheep, being based on the concept that 
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subjectively assessed condition score was closely related to the amount of chemically 
determined fat in sheep. This method has then been applied on Mediterranean sheep 
breeds, such as Aragonesa (Purroy et al., 1988; Teixeira et al., 1989), Barbarine (Atti, 
1991), Bergamasca (Susmel et al., 1995), Awassi (Treacher and Filo, 1995), Sarda 
(Molina et al., 1991; Ronchi et al., 1993 and Ligios et al., 1995) and Lacaune (Bocquier 
et al., 1999). 
The BCS detected on sheep is done by accurate palpation of the lumbar region 





above the kidneys. In contrast to cow and goats, the wool presence in sheep makes it 
difficult to assign the score. The BCS technique consists of the immobilization of the 
sheep and palpation of the spinous processes of the lumbar vertebrae to estimate the 
amount of fat and muscle according to the thickness of subcutaneous adipose tissue. By 
accurate palpation of the two bone protrusions (spinous and transverse processes), it is 
possible to evaluate the levels of fat deposits and the depth of the Longissimus dorsi 
muscle. When sheep are very thin (BCS<2), the fingers easy penetrate in the abdominal 
cavity. When the animal is much fat (BCS>4), it is difficult to push in the transverse 
processes. 
The system of BCS most used in sheep is based on a scale from 0 to 5 (Russel et 
al., 1969). Following are described the characteristics of the six scores: 
 BCS 0: sheep are very thin near at the death, it is not possible to detect 
any muscle and fat tissue among skin and bone. 
 BCS 1 (emaciated): spinous processes are sharp and prominent. The loin 
eye muscle is shallow with no fat cover. Transverse processes are sharp, 
one can pass fingers under ends. It is possible to feel between each 
process. 
 BCS 2 (thin): spinous processes are sharp and prominent. The loin eye 
muscle has little, but full fat cover. Transverse processes are smooth and 
slightly rounded. It is possible to pass under the ends of the transverse 
processes with a little pressure. 
 BCS 3 (average): spinous processes are smooth and rounded and one 
can feel individual processes only with pressure. Transverse processes 
are smooth and well covered, and firm pressure is needed to feel over the 
ends. The loin eye muscle is full with some fat cover; 
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 BCS 4 (fat): spinous processes can be detected only with pressure as a 
hard line. Transverse processes cannot be felt. The loin eye muscle is full 
with a thick fat cover; 
 BCS 5 (obese): spinous processes cannot be detected. There is a 
depression between fat where spine would normally be felt. Transverse 
processes cannot be detected. Loin eye muscle is very full with a very 
thick fat cover. 
Normally, sheep flocks have a body condition score equal to 2, 3, or 4, and it is 
rare to find a BCS variation greater than 2 in the same animal and a BCS value 
constantly higher than 3 during all the year. The use of half scores is recommended 
between 2 and 4, this new intermediate scale is helpful when an animal condition is not 
clear (Gibon et al., 1985). 
BCS evaluation in sheep farm is useful to monitor the change in body reserves at 
various production stages throughout the year. In Mediterranean livestock systems, 
based on grazing and concentrate supplementation at milking, BCS monitoring is very 
important in the farm, to allow quick changes in the dietary management in sheep with 
low condition score using feed supplementation (Molina et al., 1991). 
 
5.3.2. When assessing body reserves with BCS method 
In dairy sheep, it is very important to assess BCS in three critical times: at 
mating period (2 to 4 weeks before); before lambing and during lactation. In these 
physiological stages BCS control is helpful to keep the body reserves mobilization and 
to prevent metabolic diseases. With BCS assessments of each animal of the flock food 
rations can be adjusted, by supplying different nutrient quantities according to the BCS 
groups. As previously mentioned, the mating period is very critical and in this stage the 
BCS in sheep should not be less to 2.5 in order to avoid a decreased fertility (INRA, 
1988). 
Sheep presenting a thinner conformation should receive additional nourishment 
to allow them to be in the desired condition score at the time of breeding or lambing. 
 
5.3.3. BCS vs. weight 
Several authors studied the relationship between the BCS change and the body 
weight of animals. Vera et al. (1984) demonstrated in empty and pregnant Manchega 
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sheep that the variation of 1 BCS score represents an increase or a loss of 10-12 kg of 
body weight. 
Oregui and Garro (1989) suggested that in Latxa sheep a BCS unit is equal to a 
variation of 12% of the weight. 
In Manchega sheep, Molina et al. (1991) found that correlation coefficients 
between BCS and body weight were at the highest level during the mating (0.80 to 
0.93) and in dry sheep (0.80 to 0.95); these coefficients were lower at the beginning of 
lactation (0.55 to 0.81) and very low at birth (0.33 to 0.67). The regression line between 
body weight and BCS had a correlation coefficient higher than 0.97. 
Teixeira et al. (1989), studying the relationship between BCS and body weight 
in Aragonesa sheep, used semi-logarithmic equation and obtained a high correlation 
(r=0.91). The curvilinear regression between BCS and body weight indicated increases 
in body weight 7, 10, 12 and 16 kg for each increase of one point of BCS from 1 to 5, 
respectively. 
The single body fat stored is better estimated by BCS than by body weight, with 
R
2 
values from 0.81 to 0.83 for BCS determination and from 0.57 to 0.70 for 
determination by body weight (Oregui et al., 1997). This difference could be due to 
higher influence of the physiological period (gestation and lactation) on body weight 
assessment than on BCS estimation. Frutos (1993) found that the body reserves 
estimation was significantly improved by the inclusion of body weight as independent 
variable in BCS equation. 
 
5.3.4. BCS vs. adipose tissues 
In Aragonesa sheep breed, Mendizabal et al. (2003) predicted the weight of five 
body fat stores with regression equation and BCS, obtaining R
2
 of 0.55 for omental and 
mesenteric, 0.66 for perirenal, 0.77 for subcutaneous, 0.76 for intramuscular and 0.73 
for the total five depots prediction (omental, mesenteric, perirenal, subcutaneous and 
intramuscular). 
In Merino sheep breed, Guerra et al. (1972) found a correlation of 0.77 between 
BCS and body fat. R
2
 values of 0.90 between BCS and total body fat were found by 
Russell et al. (1969) in Scottish Blackface, by Teixeira et al. (1989) in Aragonesa breed, 
and Sanson et al. (1993) in American sheep breeds. 
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In Aragonesa sheep breed, Teixeira et al. (1989) compared body fat stores and 
BCS, by dividing 52 sheep into 13 groups of 4 according to the BCS scores and using 
an approximation of a quarter-point, according to a scale of BCS 1 to 5. Different BCS 
affected the distribution of the total fat in various deposits. The main fat deposits were 
mesenteric and intramuscular at BCS value between 1.5 and 2.5, subcutaneous and 
omental at BCS equal to 3.5, and perirenal and pelvic fat at BCS higher than 2.5. The 
fat deposition chronological order, as body weight increase from 32 to 67 kg and BCS 
from 1.5 to 4.5, was: mesenteric, intramuscular, omental, perirenal, pelvic and 
subcutaneous. 
 
5.3.5 BCS vs. reproductive performances 
Feeding and body condition affect the reproductive efficiency in sheep. The 
influence of the diet on fertility also depends on the body stores in animals, in different 
ways according to the breed (Gunn and Doney, 1975; Gunn et al., 1979; Gunn et al., 
1991a cited by Molina and Gallego, 1997). 
During reproductive period, relevant loss of body reserves leads to variations in 
ovulation rate, because the sheep does not produce adequate number of eggs. This 
phenomenon is due to two distinct effects: the "static effect" related to body fatness at 
the mating, with long period effect; and the "dynamic effect" related to the body fatness 
loss before the mating, with short term effect. By acting of the nutritional status of the 
animals, static and dynamic effects influence mainly the number of follicles with 
diameter of 2 mm, which are sensitive to the follicle-stimulating hormone (FSH) action 
(Rhind, 1992).  
Several studies have confirmed the relationship between BCS and reproductive 
performance of the sheep. At birth, the body condition of sheep is related to the pre-
ovulatory FSH level that affects the appearance of potentially ovulating large follicles in 
a higher or lower number (Folch et al., 1991). 
A better body condition at the mating increases the fertility of the flock. In 
English sheep breeds, it was reported that increasing the BCS by 1 point at mating lead 
to an increase in fertility between 10 and 40% (Gunn and Doney, 1975; Gunn et al., 
1988). Similar results, with different breeds, were observed in Mediterranean sheep 
breed. In Manchega sheep, Molina (1993) found a positive correlation (r=0.98) between 
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annual fertility and the BCS, with a progressive increase in prolificity until a BCS of 3; 
and a decrease in prolificity with BCS greater than 3. 
The relationship between BCS and ovulation rate is important because there are 
significant differences between of the ovulation rate in sheep with BCS>2.5 and sheep 
with BCS<2.5 (Gunn et al.,1991b). 
A negative relationship between BCS at calving and interval among calving was 
observed by (Osoro, 1989; Osoro and Wright, 1992). Animals with a good body 
condition at calving mobilize body reserves, without significantly reducing the 
productive performance. 
On the basis of the effects of BCS on productive and reproductive performances, 
INRA (1988) suggested the optimal BCS scores for the different production phases of 
sheep: BCS at mating from 3 to 3.5; mid-gestation 3-3.5; birth 3.5. From the birth it is 
suggested that a gradual decrease until about the 8
th
 week of lactation takes place, with 
optimum BCS between 2 to 2.5, after the 8
th
 week there should be a gradual recovery of 
body condition. 
 
5.3.6. BCS vs. productive performances 
In dairy sheep, such as the Sarda breeds it is particularly interesting to know of 
the efficiency of the fat stores that are used for milk production. Cowan et al. (1980) 
and Robinson (1988) found that the efficiency decreases with the increase in 
mobilization and that overall efficiency, i.e. efficiency related to the use of food and 
reserves, varied between 0.60 and 0.75 for high and low mobilization of lipids, 
respectively. In a two-year study on twelve flocks of Laxta sheep, Oregui et al. (2004), 
tested the influence of the level of body reserves on different productive and 
reproductive variables. In the breeding system studied, the level of the body reserves 
did not affect milk production, and there was no relationship among BCS at calving and 
milk production. These results were in line with Lopez et al. (1995) who found that 
BCS did not affect milk production in Merino sheep. 
Dedieu et al. (1989) showed that with BCS equal to 3.5, the mobilization of 
body reserves in sheep compensated for the low intake in this period (early lactation) 
and led to high levels of milk production. Molina et al. (1991) and Vergara et al. (1992), 
studying, respectively, Sarda and Manchega sheep breeds, following the same diet, 
reported that the decrease in body stores was higher in sheep with high production. A 
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study of Sarda sheep showed an inverse relationship between BCS evolution and milk 
production; sheep with 250 liters per year during lactation had a BCS around 2.78, 
while sheep producing 200 liters reached a BCS equal to 3.17 (Molina et al., 1991). In 
another study on Sarda sheep, Carcangiu et al. (2004) found that BCS was negatively 
correlated with milk production and lactose percentage. A negative correlation between 
milk production and body composition was also found in that study, evidencing the use 
of body fat mobilization to meet the needs of the mammary gland in this sheep breed. 
 
5.3.7. Breed differences and BCS application in Sarda sheep 
Genetic differences do exist for the distribution of body stores in different sheep 
breeds (Olthoff and Dickerson, 1989), later breeds, with high mature body weight, tend 
to have a higher percentage of body components (lipids, proteins, minerals) in the 
carcass, while earlier breeds, with low mature body weight (e.g. Sarda dairy sheep), 
have an increase in the incidence of visceral and perivisceral fat. 
Frutos et al. (1995) compared the deposits of body fat and BCS in two Spanish 
breeds, i.e. 15 Churra ewes (dairy breed)  and 9 Merino ewes (beef breeds). The animals 
were divided, according to the method described by Russell et al. (1969), in two BCS 
groups, one with BCS>2.5 (8 Churra and 4 Merino ewes) and the other with BCS<2.5 
(7 Churra and 5 Merino ewes). After slaughtered, deposits of internal fat were removed 
and individually weighed. The body weight and BCS were similar between breeds, with 
no significant interaction between breeds and BCS, but statistically different among 
BCS groups. Churra ewes had a higher percentage of internal fat in relation to body 
weight than Merino ewes. The distribution of internal fat was different in the two 
breeds, the Churra ewes had a higher amount of fat in the omental portion, while the 
Merino ewes had a higher one in the mesenteric portion. 
Significant differences also exist between breeds of the same productive attitude. 
Ronchi et al. (1993) compared 40 Sarda breed sheep and 50 Lacaune breed sheep, 
detecting BCS values between 1 and 3.5. About 60% of Lacaune ewes had a BCS 
higher than 2.3 while only 40% of Sarda sheep breed had BCS values was higher than 
this value. The chest girth increased with the BCS in both breeds, but only in the Sarda 
breed ther was a positive correlation (r=0.63) between BCS and chest girth. The visceral 
fat was correlated positively with BCS in both breeds. In particular,for Sarda breed it 
was equal to 0.78 and 0.67 for pelvic and perirenal fat, respectively, while in Lacaune 
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these values were equal to 0.61 and 0.62, respectively. This study showed the difference 
existing among breeds as regards the visceral fat deposition, which was higher in the 
Sarda breed, with significant accumulations at a BCS 2, than in the Lacaune breed, 
where this situation occurred at BCS 2.5; therefore, there are constitutional differences 
between the two breeds, particularly regarding fat reserves that tend to accumulate more 
in the visceral cavity in Sarda breed sheep. 
There are some problems of body condition score application to the Sarda sheep 
breed. This method was designed for English breed selected for meat, which has convex 
morphological profiles due to the muscle and fat depot. The range of BCS variation 
depends on the breed, due to differences in skeletal proportion, ratio among muscle and 
fat and the types of fat depots (Purroy, 1997). In dairy sheep, it is often observed a 
range of BCS variation between 2 and 4, which requires expert assessors to evaluate the 
small differences.  
Overall, the BCS is a valid and cheap method to estimate body reserves. This 
methods is useful for the management of Mediterranean flocks to support important 
nutritive and reproductive decisions in Sarda dairy sheep. 
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Abstract 
 
2241 records of body condition score (BCS) on mature Sarda ewes were 
evaluated. Data were collected during two year on ewes in different physiological 
stages. The ewes were raised in 9 different Sardinia farms, situated in different 
geographical areas with an average number of 300 ewes; the flocks were managed 
follow the typical Mediterranean livestock system based on grazing and concentrate 
supplementation at milking. The frequency distribution of BCS was studied during 
different physiological stages. 
The general average of BCS in all farms for the total period was 2.65; the most 
frequent classes of observed BCS were 2.75 (corresponding to 38.2% of observations) 
and 2.50 (corresponding to 29.2% of total observations). The minimum BCS detected 
was 2.0 (corresponding to 38.2% of observations) and the maximum BCS detected was 
4.0 (corresponding to 0.04% of observations). 
Results showed that in commercial farms of Sarda ewes the observed BCS 
distribution was concentrated on 2.50 and 2.75, scores accounting for 66.37% of total 
observations, while the other values of the original 0-5 scale (Russel et al. 1969) were 
represented in low percentage. Log-logistic and Weibull function, were those that best 
fitted in the distribution of BCS in the experimental dataset, this may be useful in a 
future study on BCS distribution in Sarda ewes. Within farms, significant differences 
were observed for the mean BCS among physiological stages, indicating that different 
managerial factors can influence body reserves accumulation in Sarda ewes. 
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Introduction 
 
The livestock system of Sarda sheep breed is mainly based on the utilization of 
natural pastures and the supplementation with concentrate and hays when biomass 
availability is low (winter and summer) or not enough to cover animal needs. The 
animal body composition also varies during the year, because body reserves are 
accumulated by the animals when feed is largely available, in order to store energy, or 
mobilized by the animals in correspondence of the lactation peak or in periods of feed 
shortage, in order to cover the high-energy needs. 
The estimation of the amount of body reserves of the flock is essential to meet 
its requirements in the different physiological stages with a adequate feeding plan. Body 
reserves of the sheep are often estimated by farmers with the method of the body 
condition score proposed by Russel et al. (1969). This method was actually developed 
for meat sheep, whereas no similar methods are specifically developed for dairy breeds. 
The method of Russel et al. (1969) was tested in Mediterranean breeds (Purroy, 1997) 
and many studies were conducted on relationships between BCS with productivity and 
reproductive traits in Manchega sheep (Molina et al., 1991) and Sarda sheep (Ligios et 
al., 1995; Landau and Molle 1997,). The relationships between BCS and body 
composition varies among breeds and depends on the skeletal proportions, ratio lean fat 
tissues and the localization of fat deposition (Purroy, 1997). Many authors reported 
relaitionship either between BCS and body composition, or BCS and animal 
performances but they studied controlled experimental conditions or in groups 
previously arranged on a certain number of heads with a given note of BCS. In our 
knowledge there are not studies where the average range of BCS of Sarda sheep is 
reported during the various stages of the production cycle. 
This work was aimed to obtain information on the frequency distribution of 
body condition score of Sarda sheep and to provide useful information for planning a 
specific trial on the body composition of the Sarda sheep. Data on BCS from 
commercial farms were analyzed in this work, in order to know the BCS range during 
the production cycle and the function of probability density of BCS in Sarda sheep. 
Expected results should also highlight eventual limits of the Russel et al. (1969) method 
relatively to its routine application to Sarda sheep. 
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Materials and methods 
 
The data used in this study were collected between the years 2010-2011 in 9 Sardinian 
flocks located at different altitudes and in different parts of Sardinian island. The flocks 
were managed in a semi extensive system, based on pasture grazing and concentrate and 
hay supplementation. The BCS of ewes was measured by the same 4 assessors for each 
animal using the method of Russel et al. (1969) detailed at quarter point values of the 
scale. Recorded information for this work included the physiological stage of the animal 
at the moment of BCS measurement. Physiological stages were classified using as 
reference point the days of lambing: -150, about 150 days before calving corresponding 
to the mating stage with an approximation of ± 15 days; -15, about 15 days before 
lambing corresponding to the pre-partum stage, with an approximation of ± 5 days; 0, 
50, 60, 80, 100, 110, 130, 160 days after lambing. The body condition of each animal 
was considered equal to the mean BCS estimated by the 4 assessors. 
In order to express the observed BCS in a quarters of points of the Russel scale, an 
additional variable called BCS class (BCScl) was created by classifying the mean of 
BCS of 4 evaluators according to the following criteria:  
BCS < 2.125               BCS class (BCScl) = 2.00 
2.125 < BCS < 2.375  BCScl = 2.25 
2.375 < BCS < 2.625  BCScl = 2.50 
2.625 < BCS < 2.875  BCScl  = 2.75 
2.875 < BCS < 3.125  BCScl = 3.00 
3.125 < BCS < 3.375  BCScl = 3.25 
3.375 > BCS               BCScl = 3.50 
The final database consisted of the follow variables: farms, animal number 
identification, physiological stage, observed body condition score calculated as mean of 
observes values of 4 assessors (BCS), and its correspondent class (BCScl).  
Statistical analysis 
 BCS values were analyzed with techniques of descriptive statistics as following:For 
each class of physiological stage the follow …..calculated: 
 maximum, minimum, mean value, standard deviation and coefficient of 
variation of the mean; 
 mode, median, 1° and 3° quartile value; 
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 outliers identification by box plot representation. 
 distribution frequency of BCScl in all considered physiological stages; 
 Kolmogorov-Smirnov test for normality BCS distribution frequency in each 
physiological stage; 
 fitting of the best function of distribution frequency in all considered physiological 
stages; 20 continuous non-limited function were adapted to the observed 
distributions and then were ranked on the bases of the goodness of fit estimated by 
χ2 test for equal probability; 
 ANOVA to estimate the differences of BCS within farms and between physiological 
stages was also performed; it was done only in farms where BCS was measured at 
least for three physiological stages. 
The descriptive statistics analysis and normality test of BCS distribution in each 
physiological stage were performed using the PROC UNIVATE of SAS (SAS version 
9.2). Study of the function of probability density was performed with the software 
Easyfit (version 5.5; Mathwave Tecnologies) using the automatic procedure of the 
distribution adaptation. In particular the study of the probability density function of the 
BCS has tested the program functions continuous and not limited. 
Variance analysis was performed for the farms 1, 6, 7, 8, and 9 with the PROC 
GLM procedure of SAS, considering the BCS as the dependent variable and 
physiological stages as fixed factors Tukey test was used for comparisons with 
significance values of 0.05. 
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Results and discussions 
 
The experimental dataset consisted of 2241 records: 679 at mating, 360 at pre-
partum and 1202 during the lactation period (Table 1). Only five farms had a number of 
BCS measurements in all considered physiological stages. Because literature 
information only referred to experimental conditions and limited periods of observation, 
available data were considered useful to study the function of probability density of 
BCS in Sarda dairy sheep. 
Mean and SD observed BCS was 2.65±0.2. The variation range of 2.60±0.3 at 
mating (-150 days after lambing). This mean value is lower than the values found by 
Molina et al. (1991a) in mature Manchega ewes (BCS 2.71), and Torre et al. (1991) in 
mature Ripolessa ewes (BCS 3.32). At mid-end lactation (160 days before lambing) the 
observed values were 2.85±0.3, similar to the value reported by Molina et al. (1991b), 
and Ligios et al. (1995) in adult Sarda ewes. Extreme values of observed BCS ranged 
from a minimum of 1.98 to a maximum of 4.00, both observed at mating (Table 1); 
these value are very different to the values found by Treacher and Filo (1995) in non-
pregnant Awassi ewes (BCS about 1.5 before mating). 
Within physiological stage median values were not different than mean values, 
the median of BCS at mating was numerically lower than the mean (2.50 vs 2.60; Table 
1, Figure 1), whereas the median of BCS at lambing was numerically higher than the 
mean (2.75 vs 2.64; Table 1, Figure 1). Mode value was 2.5 from mating to 90 lactation 
days, whereas 2.75 was the most representative after 90 days of lactation (Table 1). In 
Figure 1 is reported the box plot of BCS distribution per each physiological stages; it 
shows that the BCS distribution is very homogeneous and no significant differences 
were observed among different physiological stages from mating to lambing and from 
lambing to the mid-end lactation. Interquartile range Q1-Q3 of BCS resulted very short, 
varying from 2.44 and 2.96 across all physiological stages; few outliers were also 
detected on extreme observed BCS values. Considering the optimal BCS at mating (3.5) 
suggested by INRA (1988), the target values have been achieved only by some outliers 
in the observed data (Table 1; Figure 1). The most part of ewes, about 75% of total 
records, were included in the BCScl of 2.50 or 2.75 (Table 2 and Figure 1); in particular 
BCScl of 2.50 was more represented after 80 days of lactation. This trend was in 
agreement with Molina et al. (1991) that found the same BCS evolution in Sarda ewes. 
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Normality test applied to the BCS distributions resulted significant with P ≤ 
0.01, indicating the non adaptability of normal distribution function to the observed 
BCS (Table 3) in each physiological stage. In figures 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
and 13 are reported the functions of probability density, whichshowed the highest 
goodness of fit for the observed BCS in each physiological stage. Log-Logistic and 
Weibull were the most fitted functions in the experimental dataset. Observed functions 
could be a useful support for a further study on body composition of Sarda sheep. 
The differences in the BCS average between the different physiological stages 
were also evaluated within farms (Figures 14, 15, 16, 17, 18). Figure 14 shows that 
ewes that have been mated in autumn had higher BCS (BCS = 2.69) than the ewes 
mated in winter (BCS = 2.52) and spring (BCS = 2.57) (P <0.01). This fact could be 
attributed to the breeding season in Sardinia. In fact the animals mated in autumn have 
usually more opportunity to accumulate reserves in the summer and during the dry 
period; at the opposite, the ewes mated in late winter or early spring are usually in 
lactation stage and, if they are not supported by adequate nutrition, are often unable to 
recover all the body reserves already mobilized in the previous months (Cannas, 2001; 
Rassu et al., 2001). Considering all data recorded, the BCS at mating was equal to 2.60 
and it resulted very low compared with optimal value suggested by INRA (1988). 
Within farms, significant differences were observed for the mean BCS of ewes 
among physiological stages (Figure 14, 15, 16, 17). 
In particular different patterns were observed: 
 from mating to lambing: BCS decreased in farms 6 (2.56 vs 2.47; p<0.05; 
Figure 14) and increased in farm 7 (2.58 vs 2.88; P<0.01; Figure 15); both of 
farms started with the same BCS at mating but farm 7 tried to reach the 
optimum BCS  at lambing as suggest by INRA (1988) whereas farm 6 did 
not; 
 from to 80 days of lactation: in farms 7 and 8 the lowest BCS of lactation 
was observed (Figure 15, 16); farm 7 showed a typical BCS trend (Figure 
16), whereas farm 8 showed BCS low and constant from to 80 days of 
lactation (Figure 17); 
 in mid-lactation after 60 days of lactation: in those farms the BCS increased 
with significant differences during lactation and significant differences were 
found between the mid-lactation measurements and the BCS at lambing (P 
<0.05; Figure 14, 15, 16, 17). Particularly in farms 6, 8, and 9, BCS at 100 
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days of lactation was higher than the BCS observed at lambing (P<0.05; 
Figure 15, 17, 18). 
Two considerations were deducted from this analysis: 1) observed patterns 
within farms suggested that managerial factors significantly influence the trend of 
accumulation and mobilization of body reserves in Sarda dairy sheep; 
2) considering all data recorded, the most part of animals are concentrated in few 
classes of BCS, indicating thateven when using of a quarter points in the scaleit is not 
possible to separate the flocks I small homogeneous groups different for the amount of 
body reserves. This might be justified by the fact that dairy sheep breeds often 
accumulate fat in the visceral and abdominal cavity, moving more difficult body reserve 
estimation (Purroy, 1997). 
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Conclusions 
 
In this work the BCS frequency distribution of Sarda sheep was studied. 
Although the database was limited in the structure and in the number of variables, it was 
possible to add additional information to published data in experimental trial conducted 
on the same breed. Results showed a low range of BCS variation among animals and 
physiological stages. The BCS in Sardinian flock oscillated between values of 2.50 and 
2.75 points of body condition. This can be explained by two factors: the flock 
management and the capacity of Sarda dairy ewes to accumulate fat in the visceral and 
perirenal region, which the method of Russel et al. (1969) did not account for. Future 
experiments should be planned on the body stores variation of Sarda ewes taking into 
account: 
 localization of the body fat depots in the ewe body regions; 
 relationship between body fat depots and total body reserves; 
 assessor’s sensibility to reach the approximation of 1/8 points of body condition 
within the Russel et al (1969) method; 
 applicability and convenience to use alternative methods such as: ultrasound 
tecniques for body reserves estimation in Sarda dairy ewes. 
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Table 1. Descriptive statistical of the BCS value in different physiological stages. 
Physiological stages -150 -15 0 30 50 60 80 90 100 110 130 160 Mean 
Measurements (n°) 679 165 195 138 98 229 141 134 211 95 81 75 187 
Mean 2.60 2.65 2.64 2.64 2.64 2.63 2.61 2.74 2.68 2.73 2.70 2.85 2.65 
Maximum 4.00 3.25 3.08 3.00 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.50 3.23 
Minimum 1.98 2.25 2.00 2.17 2.25 2.25 2.25 2.38 2.25 2.38 2.38 2.25 2.23 
St. dev. 0.27 0.21 0.23 0.18 0.21 0.18 0.19 0.17 0.18 0.16 0.16 0.22 0.20 
Var. coeff. (%) 10.3 7.8 8.6 6.9 8.0 6.9 7.2 6.3 6.6 6.0 5.8 7.8 7.3 
Median 2.50 2.63 2.75 2.67 2.63 2.63 2.63 2.75 2.69 2.72 2.72 2.83 2.63 
Mode 2.50 2.50 2.50 2.75 2.50 2.50 2.50 2.75 2.75 2.75 2.75 2.75 2.50 
Q1 2.44 2.50 2.50 2.50 2.50 2.50 2.50 2.63 2.50 2.63 2.60 2.75 2.55 
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Table 2. Observation frequency of BCS class (% of total) in physiological stages. 
BCS class -150 -15 0 30 50 60 80 90 100 110 130 160 Tot. 
Frequency distribution for BCS class 
2.00 1.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 
2.25 20.2 6.7 12.3 8.0 13.3 12.2 15.6 6.0 5.2 1.1 2.5 2.7 12.0 
2.50 38.6 44.2 34.9 36.2 48.0 48.9 41.8 29.1 37.4 29.5 37.0 8.0 38.1 
2.75 25.2 33.9 40.0 50.0 28.6 32.8 37.6 52.2 48.8 53.7 50.6 53.3 37.3 
3.00 13.0 14.5 11.3 5.8 6.1 5.2 4.3 11.9 8.1 14.7 8.6 29.3 10.8 
3.25 0.7 0.6 0.0 0.0 4.1 0.9 0.7 0.7 0.5 1.1 1.2 2.7 0.8 
3.50 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.5 
  
54                                                     Chapter 2 
 
 
Gianfranco Gaias- Body condition score and body composition of Sarda dairy ewes 
Tesi di Dottorato in Scienze dei Sistemi Agrari e Forestali e delle Produzioni Alimentari Indirizzo Scienze 









Table 3. Normality test of BCS distribution and adjusted probability of density 





Function adapted of 
the distribution 
Function parameter adjusted 
-150 <0.01 Log-Logistic α = 17.57 β = 2.59  
-15 <0.01 Triangular m = 2.50 a = 2.19 b =3.27 
0 <0.01 Log-Logistic α = 6.11 β = 8.14 γ =-8.14 
30 <0.01 Weibull α = 17.44 β = 2.17  
50 <0.01 Triangular m = 2.50 a = 2.20 b =3.22 
60 <0.01 Log-Logistic α = 20.11 β = 2.10 γ 0.55 
80 <0.01 Log-Logistic α = 41.25 β = 4.44 γ -1.84 
90 <0.01 Weibull α = 18.90 β = 2.81  
100 <0.01 Log-Logistic α = 2.20 β = 2.30 γ= -2.30 
110 <0.01 Log-Logistic α = 28.57 β = 2.72  
130 0.01 Log-Logistic α = 30.07 β = 2.70  
160 <0.01 Pearson 5 α = 165.34 β = 468.4  
* Kolmogorov-Smirnov test, P > 0.05 normal distribution. 
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Figure 1. Box plot of BCS on physiological stages at different days from lambing. 








a 7 plot dei valori medi d  b dy condition score osservati nei rilievi effettuati a diversi 
stadi fisiologici rispetto alla data parto.
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Figure 2. Histogram of frequency distribution and the density probability function 







Figure 3. Histogram of frequency distribution and the density probability function 
of BCS at prepartum period (-15 days before lambing). 




















57                                                     Chapter 2 
 
 
Gianfranco Gaias- Body condition score and body composition of Sarda dairy ewes 
Tesi di Dottorato in Scienze dei Sistemi Agrari e Forestali e delle Produzioni Alimentari Indirizzo Scienze 
e Tecnologie Zootecniche – Università degli Studi di Sassari 
 
Figure 4. Histogram of frequency distribution and the density probability function 







Figure 5. Histogram of frequency distribution and the density probability function 
of BCS at 30 days of lactation. 
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Figure 6. Histogram of frequency distribution and the density probability function 







Figure 7. Histogram of frequency distribution and the density probability function 
of BCS at 60 days of lactation. 
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Figure 8. Histogram of frequency distribution and the density probability function 








Figure 9. Histogram of frequency distribution and the density probability function 
of BCS at 90 days of lactation. 
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Figure 10. Histogram of frequency distribution and the density probability function 








Figure 11. Histogram of frequency distribution and the density probability function 
of BCS at 110 days of lactation. 
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Figure 12. Histogram of frequency distribution and the density probability function 








Figure 13. Histogram of frequency distribution and the density probability function 
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Figure 14. Mean BCS in farm 1 for ewes at mating in three different periods of the 







Figure 15. Estimate mean BCS in farm 6 at different physiological stages. Value 
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Figure 16. Mean BCS in farm 7 for ewes at different physiological stages. Value 







Figure 17. Mean BCS in farm 8 for ewes at different physiological stages. Value 
with A, B, and C differ for P<0.05; class 30 differ from 0 for P=0.06; class 90 differ 


































Days from calving 
az 11 
2.59 BCd 2.59 BCd 
2.64 BCc 
2.60 Ccd 2.61 Ccd 

























Days from calving 
az7 
64                                                     Chapter 2 
 
 
Gianfranco Gaias- Body condition score and body composition of Sarda dairy ewes 
Tesi di Dottorato in Scienze dei Sistemi Agrari e Forestali e delle Produzioni Alimentari Indirizzo Scienze 








Figure 18. mean BCS in farm 9 for ewes at different physiological stages. Value 
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Relationship of internal fat depots of mature Sarda dairy sheep 
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Abstract 
 
The method of the body condition score (BCS; scale 0-5, Russel et al., 1969) is 
used worldwide to estimate body reserves of sheep by a visual and tactile assessment. 
BCS can also be used to estimate body live weight (LW) and variation in energy 
reserves (Cannas and Boe 2003; Cannas et al, 2004). However, very little information is 
available on the relationship between BCS and BW in dairy sheep breeds. Furthermore, 
large differences in the amount of visceral fat at the same BCS were reported between 
dairy breeds (Lacaune vs. Sarda breed; Ronchi et al., 1993). For these reasons, this work 
aimed to study in the Sarda dairy sheep breed: i) the relationship between BCS and live 
weight; ii) the possibility of improving the prediction of BCS, live weight, and body 
reserves by using somatic body measurements, iii) the relationship between BCS and 
size of internal organs and the amount of internal body fat and its distribution in the 
abdominal cavity. 
Twenty-four dry Sarda sheep, ranging from 29.0 to 55.5 kg of LW and from 2 to 
3.25 of BCS, were used to study the relationship between shrunk LW (12 h of fasting), 
BCS, in vivo somatic measures and fat depots. Somatic measurements of each ewe were 
taken according to De Boer et al. (1974). At slaughter, each animal was partitioned into 
carcass and non-carcass components. The omental plus mesenteric, kidney and pelvic 
fat were then separated and weighed. At slaughter, the gastrointestinal contents were 
subtracted from the shrunk LW to obtain the empty body weight (EBW). 
Shrunk BW and EBW linearly increased as BCS increased (R
2
=0.63), for each 
unitary change of BCS shrunk LW increased 13.17 kg and EBW of 13.84 kg. Chest 
width was a better predictor of shrunk LW than BCS (R
2
=0.74). Omental plus 
mesenteric fat depots represented the highest proportion of total internal fat, varying 
from 0.27 kg with BCS 2 (77% of internal fat) to 3.1 kg with BCS 3.25 (75% of internal 
fat); omental plus mesenteric fat increased curvilinearly (R
2
=0.80), and kidney fat 
increased linearly (R
2
=0.59) as BCS increased, the weight of total internal fat depots 
was less associated with BCS (R
2
= 0.74) than with LW (R
2
= 0.90). 
In conclusions, the results of this experiment showed that LW and EBW were 
closely associated to BCS but their variation per each BCS was too high to be realistic. 
Chest width was a better estimator of LW or EBW than BCS, while BCS was the best 
predictor of total internal fat depots. The data also suggested that the measurement of 
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tail thickness could be used to improve the accuracy of the estimation of body reserves 
with the BCS method in Sarda ewes.  
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Introduction 
 
The body composition and degree of fat cover affect productive and 
reproductive performance of ruminants (Thomas et al., 1988; Rhind et al., 2001). 
However, there are genetic variations among sheep breeds in terms of growth rates, 
mature weight and body composition. For example, Taylor et al. (1989) compared seven 
different English breeds and demonstrated that as breed mature size increased, the 
proportion of carcass muscle and bone decreased in favour of fat. The breeds studied 
did not only differ in the proportions of carcass muscle, fat and bone but also in their fat 
distributions. These authors reported that tropical sheep breeds tend to deposit more 
intramuscular and internal fat and less subcutaneous fat compared to temperate sheep 
breeds. 
Gatenby (1986) found that tropical and temperate breeds generally do not differ 
in their carcass composition, but differ in size and distribution of fat deposited in the 
body, with high subcutaneous fat depots in tropical breeds than that temperate ones. 
Berg and Walters (1983) reported that the proportion of muscle in the carcass of 
sheep varies indirectly with the fat proportion, whereby a higher fat proportion is 
associated with a lower proportion of muscle and vice versa. According to these 
authors, the differences in sheep carcass composition are due to variations in their 
mature body size and weight. Sheep breeds with high mature weight, such as meat and 
wool breeds, tend to accumulate more fat in the carcass than breeds with low mature 
weight, such as dairy breeds, that accumulate more fat in the abdominal cavity (Purroy 
1997). 
The method of the body condition score (BCS; scale 0-5, Russel et al., 1969) is 
used worldwide to estimate body reserves and composition of sheep by a visual and 
tactile assessment. BCS can also be used to estimate body live weight and variations in 
energy reserves (Cannas and Boe 2003; Cannas et al, 2004). The BCS method of Russel 
et al. (1969) was developed for sheep meat and wool breeds. Unfortunately, very little 
information is available on the relationship between BCS, body composition and live 
weight in dairy sheep breeds. Furthermore, the few data available report large difference 
in the amount of visceral fat at the same BCS among dairy breeds (Lacaune vs. Sarda 
breed; Ronchi et al., 1993).  
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For these reasons, this work aimed to study, in one of the most important dairy 
sheep breeds, the Sarda dairy sheep: i) the relationship between BCS and live weight; ii) 
the possibility of improving the prediction of BCS, live weight, and body reserves by 
using somatic body measurements, iii) the relationship between BCS and size of 
internal organs and the amount of internal body fat and its distribution in the abdominal 
cavity. 
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Materials and methods 
 
A series of measurements were carried out from January to September 2011 on 
twenty-four Sarda mature ewes. 
 
Animals 
From a flock of 350 sheep, twenty-four dry mature ewes were selected based on 
their BCS and according to the same somatic measurements, to create 4 groups of 6 
animals each homogeneous for BCS (4 classes: 2.00, 2.50, 3.00, 3.25) and somatic 
measures (wither height, body length and chest girth). The live body weight of the ewes 
varied from a minimum of 34.75 ± 2.9 kg (mean ± SD) for the group with BCS 2 to a 
maximum of 51.98 ± 2.00 kg for group with BCS 3.25 (Table 1). 
After being identified, for twenty days the ewes were confined in individual pens 
equipped with manger and drinking point. In the first five days of trial they received 1.5 
kg of dehydrated alfalfa (CP 25%, NDF 43%, DM basis). After this period the ration 
was made with different quantities of dehydrated alfalfa and corn grain, so that they 
could maintain their original BCS. Groups of the BCS classes: 2.00, 2.50, 3.00 were fed 
1.0 kg/d, 1.2 kg/d, and 1.5 kg/d (as fed basis), respectively, of dehydrated alfalfa. The 
group with BCS 3.25 was fed 1.5 kg/d of alfalfa and 0.5 kg/d of corn grains. The ration 
was supplied daily in the morning, with residues weighed daily. 
 
Somatic measurements 
The following somatic measurements, based on De Boer et al (1974), were made on 
the selected ewes: 
 Live body weight (LW), (kg), measured with an electronic balance after 12 hours of 
fasting; 
 Height at withers (HW) (cm), as the distance between the top of the withers at the 
ground, made by a Lydtin metric stick (metal tube of 80 cm of length), with a the 
maximum length of stick of about 230 cm; 
 Height at sternum (HS) (cm), as the distance between the sternum and the ground, 
recorded by the Lydtin metric stick; 
 Width of chest (WC)(cm), measured behind the shoulder blades by a Lydtin metric 
stick; 
71                                                     Chapter 3 
 
Gianfranco Gaias- Body condition score and body composition of Sarda dairy ewes 
Tesi di Dottorato in Scienze dei Sistemi Agrari e Forestali e delle Produzioni Alimentari Indirizzo Scienze 
e Tecnologie Zootecniche – Università degli Studi di Sassari 
 Chest girth (CG) (cm), measured behind the shoulders by a linear meter; 
 Height at pelvis (HP) (cm), as the distance between the sacred bone and the floor, 
measured by a Lydtin metric stick; 
 Depth of chest (DC) (cm), as the distance between the withers and the sternum, 
measured by a Lydtin metric stick; 
 Width of pelvis (WP) (cm), measured between trochanters by a thickness compass; 
 Body length (BL) (cm), as the distance between the withers and the cross, measured 
with a linear meter; 
 Length of pelvis (LP) (cm), as the distance between sacrum and coccyx measured 
with linear meter 
 Body volume (BV) (cm3), calculated by using the formula of Guerra et al (1972): 
HW x DC x ½ (WC + WP) where: HW = height at withers (cm); DC = depth of chest 
(cm); WC = width of chest (cm); WP = width of pelvis (cm). 
 
Body condition score  
The BCS was evaluated by four expert assessors using the Russel et al. (1969) 
reference scale and technique, with the appreciation of the quarter-point. The BCS was 
assessed at the moment of the selection of the ewes and just before their slaughtering. 
 
Measurements post-mortem 
The ewes were slaughtered after 12 hours of fasting. Slaughter operations were 
carried out in a certified house according to normal procedures. The animals were 
slaughtered via stunning with a captive bolt pistol and exsanguination from the jugular 
vein. Blood was collected and weighed. The esophagus was tied with a rope and the 
head, the hooves, and the skin were removed and weighed. The rectum was tied and the 
entire gastro-intestinal tract was removed and weighed before separation into 
components (esophagus, reticulo-rumen, omasum, abomasums, small intestine, large 
intestine and cecum). Components were weighed with digesta and without them, after 
careful washing. 
The fat tissue surrounding the digesta tract (omental and mesenteric fat; OMF) 
was removed along with any associated connective tissue, and weighed. Kidney and 
pelvic fat (KF) was weighed after removal of the kidneys. Other internal fat depots 
(OIF) attached to carcass were considered and weighted separately from the carcass. 
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The warm weight of the carcass was recorded within 45 minutes of slaughter, and 
before any carcass washing has done. The cold weight was recorded at 24 hours post-
mortem after standard refrigerated storage room conditions (4°C and low air speeds). 
 
Carcass measurements 
The following measurements were made in the cold carcass (Fisher and Boer 
1994):  
 Body length (cBL) (cm), from the caudal edge of the last sacral vertebra to the 
dorso-cranial edge of the atlas (1
st
 cervical) vertebra;  
 Length of half carcass (cLC) (cm), from the cranial border of the symphysis and 
the midpoint of the cranial border of the first rib; 
 Chest depth (cDC) (cm), as the distance between the withers and the sternum 
measured in a horizontal plane in the hanging carcass; 
 Width of pelvis (cWP) (cm), the greatest width at trochanters level; 
 Width of chest (cWC) (cm), the greatest width at ribs level; 
 Thickness of subcutaneous fat (cSCF) (mm), measured by a caliber at the 1st 





 Thickness of tail fat (cTF) (mm), measured at the 1st coccyx vertebra; 
 Thickness of sternal fat (cSF) (mm), measured at the level 3rd-4th rib. 








Statistical analysis was conducted by using Minitab
® 
Inc (1998) software, 
following a monofactorial analysis of variance model with to 4 levels (4BCS classes). 
Regression analysis was used to identify relationships between BCS, LW and a their 
combination with several body components. Correlations analysis was used to relate 
BCS, somatic measures, internal organs, total internal fat and the weight of individual 
fat depots of ewes. 
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Results 
 
Live weight and empty body weight 
As BCS increased, LW and empty body weight (EBW; LW minus the contents 
of the digestive tract) (Table 1) increased as well (P<0.01). In particular there was a 
large variation between BCS 2.5 (LW 37.50 kg, EBW 32.00 kg) and BCS 3 (LW 45.42 
kg, EBW 40.31 kg). LW and EBW varied largely even within BCS classes (Table 1). 
BCS and LW were correlated, with a correlation coefficient of 0.794 (P<0.01) 
(Table 5). The association between LW and BCS was linear (LW = 13.18 BCS + 6.43; 
R
2
 = 0.63 and R
2
 = 0.96 for the individual data and the treatments means, respectively), 
even though there was a slight tendency in favor of curvilinearity (when using 
polynomial regressions: LW = 7.89 BCS
2
 - 28.20 BCS + 58.79; R
2
 = 0.66 and R
2
 = 1.0 
for the individual data and the treatments means, respectively) (Figure 1). 
Similar patterns were observed for the relationship between EBW and BCS, which were 
highly and positively correlated (r = 0.804; P<0.01). Indeed, the association between 
EBW and BCS was linear (EBW = 13.84 BCS + 1.07; R
2
 = 0.65 and R
2
 = 0.98 for the 
individual data and the treatments means, respectively), even though there was a slight 
tendency in favor of curvilinearity (when using polynomial regressions: LW = 5.85 
BCS
2
 – 16.83 BCS + 37.75; R2 = 0.66 and R2 = 1.00 for the individual data and the 
treatments means, respectively). 
The ratio between EBW and LW was significantly higher for the BCS class 3.00 and 




Most in vivo somatic measurements (height at withers, pelvis, sternum and 
chest; body length; width of pelvis) did not vary (P>0.05) depending on the BCS class 
(Table 2) when subjected to the analysis of variance. Only chest width and girth, and 
body volume were significantly increased (P<0.05) by the increase in BCS class. In the 
case of carcass measurements, only the width of pelvis was affected (P<0.05) by BCS 
class (Table 2). 
BCS had various degree of positive correlation with all somatic in vivo 
measurements (Table 5). LW and EBW were also correlated with these measurements, 
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but with an higher degree of correlation than BCS for all somatic measures but width of 
pelvis. Particularly high were the correlations of LW and EBW with the chest width, 
chest girth, and body volume (Table 5). 
The association between chest girth and LW was linear (LW = 0.997 CG – 
44.418; R
2
 = 0.79; Figure 2), as that between chest girth and EBW (EBW = 1.035 CG – 
53.433; R
2
 = 0.80). Body volume, being composed by several somatic measures, had 
the highest association with LW (LW = 1.237 BV – 2.34; R2 = 0.84). 
 
Internal organs and digestive tract 
There were not significant differences among BCS classes for the weight of 
internal organs, digestive tract, and blood (Table 3). In contrast, the total weight of 
digestive tract organs expressed as percentage of EBW significantly decreased as LW 
and BCS class increased (Table 3). 
 
Carcass weight and dressing percentage 
Similarly to LW and EBW, as BCS class increased, hot and cold carcass weight 
and the dressing percentage markedly increased (Table 3). 
 
Visceral fat depots 
Visceral fat depots, i.e. kidney fat, omental and mesenteric fat, other internal fat 
(chest, pelvic, and pericardial fat attached to the abdominal cavity) and total internal fat, 
significantly and markedly increased passing from the two lowest to the two highest 
BCS classes, both when these depots were considered as absolute weight and when 
evaluated as percentage of EBW (Table 4). In particularly, kidney fat increased twenty 
times passing from BCS 2 (0.03 kg) to BCS 3.25 (0.71 kg).  
Omental and mesenteric fat were by the most important components of total 
internal fat, regardless the BCS class considered (Figure 3).  
Both LW and BCS were highly (P<0.01) and positively correlated with total 
internal fat depots. The correlation was higher for LW (r = 0.935) than for BCS (r = 
0.864) when absolute weight was considered, while the contrary occurred when internal 
fat was expresses as % of EBW (r = 0.894 vs. 0.871 for BCS and LW, respectively; 
Table 5).  
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Internal fat depots were significantly and positively associated to all somatic 
measurements, with values highest for chest width and girth and with body volume 
(Table 5). 
The BCS was curvilinearly associated to omental and mesenteric fat (R
2
 = 0.80; 
Figure 4), while it was linearly associated to kidney fat (R
2
 = 0.59; Figure 4) and to total 
internal fat depots (r = 0.89; Table 5). The association between BCS and total internal 
fat depots was particularly strong when TIF was expressed as percentage of EBW (R
2
 = 
0.80; Figure 5). 
 
Subcutaneous, sternum and tail fat 
The subcutaneous fat thickness measured at level of first lumbar vertebra (Table 
4) markedly increased passing from the two lowest to the two highest BCS classes, 
(P<0.01). Marked numerical non significant differences were observed between BCS 
2.0 and BCS 2.5. Then, there was a dramatic change from BCS 2.50 to BCS 3.00, while 
no further changes were observed at BCS 3.25. 
A similar pattern (P<0.01) was observed for the tail fat measured at level of the 
first sacral vertebrae (Table 4). 




 rib increased 
numerically by 4 times passing from the lowest to the highest BCS class but the 
differences were not significant (Table 4). 
Muscle thickness measured at level of the first lumbar vertebra (Table 4) was 
significantly higher (P<0.003) in the 3.25 BCS class compared to the two lowest 
classes, with the 3.00 BCS class being intermediate (Table 4).  
The ewes’ BCS was less associated to subcutaneous fat thickness (R2 = 0.60; 
Figure 6) than to tail fat thickness (R
2
 0.78; Figure 6). In contrast, subcutaneous fat 
thickness was more closely associated (R
2
 = 0.83; Figure 8) to total internal fat depots, 
expressed as % of EBW, than tail fat thickness (R
2
 = 0.66; Figure 9). 
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Discussion 
 
Live weight and empty body weight 
As BCS increased, LW increased as a result of the greater amount of body 
reserves, and not for variations in rumen contents. Indeed, the increase of LW was 
paralleled by that of EBW, except that there was a larger influence of rumen contents on 
low than high BCS class. The average ration between EBW and shrunk LW was 0.857, 
very similar to the value of 0.851 used by Cannas et al. (2004) and Tedeschi et al. 
(2010) for the CNCPS for sheep and the Small Ruminant Nutrition System models. 
The equation reported in Figure 1 estimates that for each change in BCS there is 
a change of 13.2 kg of LW.  This value is higher than those listed in a review of the 
literature by Cannas and Boe (2003) and Cannas et al. (2004), which found the highest 
values in Awassi (11.80 kg per BCS; Treacher and Filo (1995), Manchega (10.90 kg per 
BCS; Molina et al. (1998) and Scottish Blackface ewes (10.56 kg per BCS; Russel et 
al., 1969). In other breeds, lower changes per unit of BCS have been reported, i.e. 7.3 
kg in Australian Merinos (Guerra et al., 1972), 8.1 kg for Western-range ewes (Sanson 
et al 1993), 5.57 kg for the Churra (Frutos et al., 1997), from 7.9 kg to 3.3 kg in in eight 
different British sheep breeds and crosses (Geislera and Fenlon, 1979). Conversely, the 
intercept of the equation in Figure 1 (6.42 kg), which should represent the LW at BCS 
zero, is unrealistically low, and much lower than the values found in the literature 
(Cannas and Boe, 2003; Cannas et al., 2004), which ranged between 19.50 kg 
(Zygoyannis et al (1997) for the Greek breed Boutsko, which has a mature weight at 
BCS 2.5 of 37.9 kg, much lower than that of the Sarda breed (around 45 kg) and 43.90 
for the Bergamasca breed (Susmel et al., 1995), notoriously one of the sheep breed with 
the highest mature size. Cannas et al. (2004) found that both the slope of the intercept of 
the linear regression of BCS on LW were positively associated to mature size. Thus, the 
data on the Sarda breed reported in this thesis suggest that the LW variation per BCS is 
too high and the LW at BCS zero is to low to be realistic, implying that the BCS scale 
of Russel (1969) might not be appropriate when applied to the Sarda sheep breed. The 
specific reasons for this discrepancy will be discussed later in this chapter and in next 
chapter, but are probably due to the fact that the Sarda ewes has marked accumulation at 
visceral level of the body fat when BCS increases. 
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The reviews of the literature of Cannas and Boe (2003) and Cannas et al. (2004) 
observed that for all breeds the reported relationship between LW and BCS was linear, 
with the exception of the data of the data of Teixeira et al. (1989) on the Aragonesa , 
which showed a curvilinear exponential positive relationship between BCS and LW. In 
the case of Sarda sheep this relationship was linear, even though a slight tendency to 
curvilinearity was observed (Figure 1). 
Cannas and Boe (2003) developed a model to estimate mature LW at BCS 2.5 
for any breed when the BCS of the animals is known (LW at BCS 2.5 = 
LW/0.594+0.163 x BCS) or to estimate current BW when BCS and mature weight are 
known (Current LW = (0.594 + 0.163 BCS)  LW at BCS 2.5). The data reported in this 
thesis do not support the validity of the Cannas and Boe (2003) model for the Sarda 
breed. In particular, the this model would predict a mature weight at BCS of Sarda ewes 
higher than 57 kg, while this weight is seldom reached even in very fat Sarda ewes. 
 
Somatic measurements 
Chest width and girth were the only in vivo measurements significantly 
associated to BCS, while only width of pelvis was affected by BCS classes among the 
carcass measurements. This can be explained by the fact that these in vivo 
measurements were those most affected by the subcutaneous fat accumulation that 
occurs as BCS increases. The association with width of pelvis was probably facilitated 
by the fact that this carcass measurements is facilitated by presence of the bones that 
made the measurement more accurate than other carcass measurements. 
These results are consistent with those published by Ronchi et al (1993), who 
demonstrated that chest girth, measured as the body circumference immediately 
posterior to the front leg, increased as BCS increased both in Sarda and in Lacaune 
sheep breed. The correlation was particularly strong for the Sarda breed (r=0.63, 
P<0.001).  
Chest girth, and to a lower extend chest width, was the somatic in vivo 
measurements, including BCS, with the highest association to LW and EBW (Figure 2 
and Table 5). This might be due to the fact that while BCS assesses only thickness of fat 
depots, chest width and chest girth are affected both by body reserves and by the 
skeletal body size of the animals.  
Similarly, Afolayan (2006) found in Yankasa sheep a correlation between chest 
girth and EBW of 0.94. Moreover, Umoh and Buvanendran (1982) in Nigerian cattle 
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breeds and Afolayan (2003) and Afolayan et al. (2006) in Bos taurus cattle breeds 
observed higher correlation between LW and chest girth compared to the correlations 
among LW and height at wither.  
In practical management, Vargas et al (2000) suggested that for Brahman cattle 
chest girth may be a better indicator of LW than the height of the animal. Under field 
conditions, LW estimation by using chest girth should be carried out in combination 
with other measurements, such as width of chest, to limit the errors due to the animal 
movement and position change during the measurement.  
 
Internal organs and digestive tract 
The total weight of the empty digestive tract did not differ among BCS classes 
and had a mean value of 2.72 kg. This weight is very low compared with the equivalent 
weight in Omani male sheep that had similar mature weight to Sarda sheep (45 kg), 
which had a mean of 6.8 kg (Mahgoub et al 2000). However, while the weight did not 
change, the gastrointestinal tract weight expressed as proportion of EBW significantly 
decreased passing from low to high BCS classes.  
In this study the pluck weight (heart, liver, windpipe, and peritoneum) was not 
significantly affected by BCS class, as already observed by Ronchi et al. (1993) and 
Burrin et al. (1990). 
 
Visceral fat depots 
Visceral fat depots increased proportionally with BCS until the BCS 3.25, even 
though the difference between the two highest BCS was not significant (Table 4 and 
Figures 3, 4). For all BCS classes total visceral fat depots were made mostly by omental 
and mesenteric depots, with kidney fat and other internal fat depots being quantitatively 
less important. This result agrees with Frutos et al (1997), who found in Churra sheep 
that omental and mesenteric fat represented 77% of total internal fat depots. 
Total internal fat depots were linearly and highly associated to BCS (Figure 5). 
Also Frutos et al (1997) found, in mature Churra ewes a similar trend for various fat 
depots, even though they found lower correlations between BCS and total internal fat 
depots (r = 0.57) than in Sarda ewes (r = 0.86). Total internal fat depots, expressed as % 
of EBW, of the ewes of BCS class 3.25 were higher (9.35%) than for Martinik lambs, 
which had 6.4% TIF at the same BCS class (Alexandre et al 2008), suggesting that 
Sarda sheep tend to accumulate more TIF compared to this tropical breed lambs. It is 
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interesting to note the association among total visceral fat depots (i.e. TIF) and somatic 
measurements was highest for chest girth and width and for body volume. These some 
somatic variables were also those with the highest association with BCS 
In contrast to the other internal depots, omental plus mesenteric fat found in this 
study increased curvilinearly as BCS increased. The concentration (as % of EBW) of 
omental plus mesenteric fat found in this study for the BCS class 3.0 (5.74%; Table 4) 
is similar to the value (5.57%) observed by Sen et al (2004) in yearling Indian sheep 
breed. Omental plus mesenteric fat were found positively correlated with BCS (r = 0.89) 
by Caldeira and Portugal (2007) in non-lactating and non-pregnant adult Serra de 
Estrella ewes. The correlation coefficient was almost equal to that found in the study of 
this thesis (r = 0.885).  
The correlation coefficient between BCS and kidney fat (r =0.77; Table 5) found 
in Sarda mature ewes was similar to that found by Ronchi et al (1993) in mature Sarda 
ewes (correlation of 0.78 and 0.67 respectively for pelvic and kidney fat) and by 
Teixeira et al (1989) in adult Aragonesa ewes. Mendizabal et al (2003) as well observed 
in non-pregnant and non-lactating adult Aragonesa ewes high correlation (r = 0.81) 
between these traits. However, the kidney fat concentration (% of EBW) on Sarda ewes 
with BCS 3.25 found in this study (1.63%; Table 4) was lower than that (2.94%) 
observed by Sen et al (2004) in a yearling Indian sheep breed. 
As previous shown by Kempster (1980) for other breed sheep, the Sarda sheep 
the ability to survive in difficult grazing environments is associated with large internal 
fat depots. This pattern in fat partitioning has been found previously in other sheep 
breeds (Russel, Doney, and Gunn, 1971; Butler-Hogg, 1984; Taylor,Murray, and 
Thonney, 1989). 
 
Subcutaneous, sternum and tail fat 
The thickness of subcutaneous fat increased little passing from BCS 2.0 to BCS 
2.5, but then dramatically increased at BCS 3.0, while did not further increase at BCS 
3.25, suggesting a saturation mechanism (Table 4 and Figure 6). 
The thickness of tail fat was more closely associated to BCS, with a curvilinear 
trend (Figure 7), than that of subcutaneous fat, suggesting that tail fat thickness can be 
used to assess BCS with an higher sensitivity than current BCS methods, which are 
largely dependent on subcutaneous fat thickness. In contrast, tail fat thickness was less 
associated (R
2
 = 0.66; Figure 9) to total internal fat depots (mm) than subcutaneous fat 
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thickness (R
2
 = 0.83; Figure 8), suggesting that the latter, and thus the current BCS 
method, is a better predictor of internal fat depots.  
Snowder et al. (1994) found in wethers of the Columbia meat breed that the 
regression equation predicting subcutaneous fat from EBW had a lower coefficient of 
determination (R
2
=0.51) than that found on Sarda ewes (R
2
=0.80). 
From this data it appears that Sarda ewes tail depots are sensitive to body 
reserves and BCS variations. Thus, tail fat should be considered a candidate to assess 
body reserves and BCS of Sarda ewes, but a method to asses tail fat depots in vivo and 
an appropriate scale to associate tail fat to body reserves needs to be developed. 
 
Carcass weight and dressing percentage 
Hot dressing percentage for the BCS class 3.25 found in this study (45%) is 
similar to that (46.6%) found for Martinik lambs with a LW of 28 kg at slaughter and 
BCS 3.00 (Alexandre et. al 2008). Dressing percentage measured in this study for all 
BCS classes is very low compared with meat breed sheep, such as Rambouillet (50.4%), 
Targhee (50.1%), Columbia (49.3%), Polypay (51.5%) (Snowder et al., 1994). In this 
study the carcass weight and dressing percentage increased as the BCS increased, in 
agreement with Ronchi et al (1993) in Sarda and Lacuane mature ewes, but dressing 
percentage at BCS 3.0 found in this work is much lower than that observed in Ronchi et 
al. (1993) study, that found hot yields of 56% at similar BCS. 
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Conclusions 
 
The data on the Sarda sheep breed reported in this thesis suggest that LW and 
EBW are closely associated to BCS. However, the LW (or EBW) variation per BCS is 
too high and the LW at BCS zero is to low to be realistic, implying that the BCS scale 
of Russel (1969) might not be appropriate when applied to the Sarda sheep breed. 
Chest width and girth were more associated to LW and EBW than BCS, 
suggesting that these somatic measures should be used instead of BCS to predict LW 
and EBW. 
Visceral fat depots increased linearly as BCS increased. This association was 
stronger than that observed between visceral fat depots and chest girth or width. Post-
mortem tail fat thickness was highly associated to BCS and internal body fat, suggesting 
that in vivo tail thickness could be used to improve the accuracy of the estimation of 
body reserves with the BCS method.  
A full assessment of the accuracy of BCS in predicting body reserves and on the 
possibility of using somatic measurements to improve their estimation requires further 
research  in which the whole body chemical composition is measured. 
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Table 1- Shrunk (12 hours fasting) and empty body weight (live weight minus digestive 
contents) of ewes of four body condition score classes. 
Statistics Body condition score   
 
 
2.00 2.50 3.00 3.25 SEM P< 
n. 6 6 6 6   









 1.66 0.001 
Minimum 29.00 35.50 32.50 44.00   
Maximum 38.00 41.50 54.50 55.50   









 1.72 0.001 
Minimum 22.26 29.57 27.83 37.32   
Maximum 31.69 36.21 49.06 49.24   
                Live weight/Empty body weight (%) 
Mean 80.92
B






 0.87 0.001 
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a,b
 Means within a row with different superscripts differ significantly (P<0.05) 





Table 2. Somatic measurements in vivo and post-mortem carcass measurements of 
sheep of four body condition score classes. 
 
 




Measurements 2.00 2.50 3.00 3.25 SEM P< 
n. 6 6 6 6   
 In vivo measurements  
Height at withers (cm) 62.00 61.83 62.83 63.00 0.43 NS 
Height at pelvis (cm) 64.00 64.17 65.50 66.75 0.55 NS 
Depth of chest (cm) 29.67 29.67 30.83 31.92 0.39 NS 
Height sternum (cm) 31.50 32.67 31.67 34.17 0.57 NS 
Body length (cm) 46.50 47.83 48.67 49.00 0.46 NS 








 0.58 0.003 
Width of pelvis (cm) 17.33 18.25 18.75 19.33 0.29 NS 



















 12.30 0.007 
 Carcass measurements  
Body length (cm) 83.83 85.33 89.17 87.33 1.00 NS 
Length of half carcass (cm) 61.50 61.78 62.00 63.50 1.83 NS 
Chest depth (cm) 20.83 21.25 20.67 21.00 0.67 NS 
Width of pelvis (cm) 17.00
b
   17.00
b
   18.88
ab
   19.25
a
 0.28 0.011 
Width of chest (cm) 17.50 18.75 21.00 22.50 1.06 NS 
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Table 3. Internal organs and tissues and carcass weight of sheep of four body condition score 
classes. 
 
   Body condition score   
 
Dissected components 2.00 2.50 3.00 3.25 SEM P< 
n 6 6 6 6  
 
                           Internal organs and tissues 
Blood (kg) 1.19 1.21 1.63 1.60 0.12 NS 
Pluck weight (kg)* 2.26 2.45 2.38 2.73 0.09 NS 
Reticolorumen (empty) (kg) 0.88 0.89 0.95 1.00 0.02 NS 
Omasum/abomasum(empty) (kg) 0.44 0.44 0.47 0.48 0.01 NS 
Intestine (empty) (kg) 1.29 1.28 1.39 1.33 0.03 NS 
Other organs (kg)** 0.34 0.41 0.44 0.46 0.02 NS 
Total gastrointestinal tract (kg) 2.61 2.60 2.80 2.81 0.06 NS 








 0.32 0.001 
                         Carcass weight and yield 








 1.01 0.001 








 1.00 0.001 








 0.01 0.003 
a,b,c 
Means within a row with different superscripts differ significantly (P<0.05) 
NS= not significant (P>0.05) 
*Liver, heart, windpipe, peritoneum. 
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Table 4 Total internal fat depots (kidney fat, omental plus mesenteric fat, and other 
internal fat) and thickness of fat and muscle of ewes of four body condition score (BCS) 
classes. 
 
Body condition score (BCS)   
Measures 2.00 2.50 3.00 3.25 Sem P 
n 6 6 6 6   
 




































 0.37 0.001 
 
     Concentration (% of empty BW)  








 0.17 0.001 








 0.54 0.001 








 0.13 0.033 








 0.76 0.001 
 









 0.78 0.001 


















 1.28 0.003 
A,B 
Means within a row with different superscripts differ significantly (P<0.01) 
a,b,c 
Means within a row with different superscripts differ significantly (P<0.05) 
NS= not significant (P>0.05) 
KF: kidney fat, OMF: omental plus mesenteric fat, OIF: other internal fat, TIF: total 
internal fat, SCF: subcutaneous fat, SF: sternal fat, TF: tail fat, M: muscle thickness at 
the 1
st
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Figure 1 - Relationship between BCS and shrunk live weight. Individual data (above, 
with a linear regression line and equation) and means for each BCS class (below, with 




y = 13.17x + 6.42 
























y = 13.18 x + 6.43 
R² = 0.96 
y = 7.89 x2 - 28.20 x + 58.79 
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y = 0.997 x - 44.418 






















Chest girth, cm 
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Figure 3. Internal fat depots expressed as % of total internal fat depots  (TIF). OMF = 
omental and mesenteric fat; KF = kidney fat; OIF = other fat present into the carcass 




















2 2.5 3 3.25 
















94                                                     Chapter 3 
 
Gianfranco Gaias- Body condition score and body composition of Sarda dairy ewes 
Tesi di Dottorato in Scienze dei Sistemi Agrari e Forestali e delle Produzioni Alimentari Indirizzo Scienze 
e Tecnologie Zootecniche – Università degli Studi di Sassari 
 
Figure 4. Relationship between condition score (BCS) and weight of omental and 





Figure 5. Relationship between body condition score (BCS) and weight of total internal 
fat (TIF) as proportion of EBW. 
 
 
y = 1.15x2 - 3.70x + 3.06 
R² = 0.80 
y = 0.57x - 1.14 
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y = 3.95x2 - 13.40x + 11.43 
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Figure 8. Relationship between total internal fat (TIF) concentration (% of EBW) and 






Figure 9. Relationship between total internal fat (TIF) concentration (% of EBW) and 
tail fat thickness. 
 
y = 0.07x2 + 0.03x + 0.28 
























TIF, % EBW  
 
 
y = 0.89x - 0.19 




















TIF , % EBW  
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Evaluation of body condition score as a method to 
estimate body composition in mature Sarda dairy ewes 
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Abstract 
 
The method of the body condition score (BCS) is used worldwide to estimate 
body reserves by a visual and tactile assessment. This method was standardized for 
meat and wool sheep breeds by Russel et al. (1969). No much information is available 
for its applicability on dairy sheep breeds. In addition, Ronchi et al. (1993) reported a 
large difference in visceral fat depots between the Lacaune and the Sarda dairy ewes 
homogeneous for BCS. 
Thus, the aim of this study was to assess the accuracy of the body condition 
score (BCS) method, originally developed for meat and wool breeds, in estimating body 
reserves in the Sarda breed, one of the most important dairy sheep breeds. 
Twenty-four Sarda dry mature sheep, ranging from 29.0 to 55.5 kg of live 
weight and from 2 to 3.25 of BCS (scale 0-5 of Russel et al., 1969), were used to study 
the relationship between BCS and chemically-determined body composition in this 
breed. At slaughter, the gastrointestinal content was subtracted from the live weight to 
obtain the empty body (EB). The left side of the carcass and all non-carcass components 
were completely ground and samples were analysed to determine dry matter (DM), fat, 
crude protein (CP) and ash. 
As BCS increased, body fat concentration increased (R
2
=0.95) and body protein 
concentration decreased (R
2
=0.95) until BCS 3, and then leveled off; similar 
relationship with BCS was observed for the concentration of fat and CP in the carcass 
and in the non-carcass body components. 
Thus, above BCS 3 body fat and protein concentration did not vary and the 
amount of fat and protein increased in direct proportion to EB; as BCS increased, the 
proportion of total body fat accumulated in the carcass decreased from 69.1% (BCS 2) 
to 58.7% (BCS 3.25), whereas the fat accumulated as internal body depots increased 
from 30.9% to 41.3%. 
In conclusion, differently from what observed in meat breeds, it appears that in 
Sarda dairy sheep the BCS is not a good predictor of body composition when it reaches 
values equal or above the value of 3. This may be due to the increase in internal fat 
depots at this BCS levels. 
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Introduction 
 
Body condition was defined by Murray (1919) as “the ratio of the amount of fat 
to the amount of non-fatty matter in the body of the living animal”. During the whole 
production cycle it is important to monitor the body condition changes of the ewes. 
Indeed, body condition can greatly affect animal productive and reproductive 
performances (Rassu et al., 2004). 
Despite the early description of body condition, a standard system to describe 
the condition of the body was developed much later on, in particular by Jefferies (1961) 
in cattle. In sheep Russel et al. (1969) quantified body condition score (BCS) in Scottish 
Blackface ewes and showed that it was closely related to the proportion of chemical fat 
in the body. Since then the BCS has been widely used both in experimental settings and 
in the field. This tool is particularly important to monitor the energy balance and to 
quantify body reserve changes of dairy ewes, which, for their long lactation period, are 
particularly subjected to changes in body conditions. However, the BCS method of 
Russel et al. (1969) was developed for sheep meat and wool breeds of fairly large 
mature size living in cold-temperate regions (Unit Kingdom). Much literature showed 
that mature size and breed origin largely affects body reserves distribution, with small 
breeds and tropical breeds showing a tendency to  accumulate more fat at visceral than 
at carcass level in comparison with large breeds of temperate regions (Gatenby, 1986; 
Purroy, 1997). This might change the relationship between subcutaneous fat and 
muscle, whose thickness is assessed by the BCS method to predict body condition, and 
body chemical composition of small mature size dairy breeds living in the fairly hot 
Mediterranean environment, such as the Sarda ewe, and invalidate the BCS reference 
values suggested so far on the basis on information developed on large mature size ewes 
(e.g INRA, 1988; CSIRO, 1990). This hypothesis is strengthened by larger amount of 
visceral fat observed in Sarda ewes compared to Lacaune (a large mature size French 
dairy breed) ewes with the same BCS (Ronchi et al., 1993). In addition, as shown in the 
Chapter 2 of this thesis, certain BCS classes commonly observed in meat and wool 
breeds are rarely observed in Sarda ewes.  
Thus, the objective of the research described in this chapter was: i) to investigate 
the chemical composition of mature Sarda ewes of different BCS and the partitioning of 
body reserves between carcass and visceral components ; ii) to study the relationship 
100                                                     Chapter 4 
 
Gianfranco Gaias- Body condition score and body composition of Sarda dairy ewes 
Tesi di Dottorato in Scienze dei Sistemi Agrari e Forestali e delle Produzioni Alimentari Indirizzo Scienze 
e Tecnologie Zootecniche – Università degli Studi di Sassari 
between BCS, body somatic measurements and body composition of mature Sarda 
ewes. 
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Materials and methods 
 
A series of measurements were carried out from January to September 2011 on 
twenty-four Sarda mature ewes. 
 
Animals 
From a flock of 350 sheep, twenty-four dry mature ewes were selected based on 
their BCS and according to the same somatic measurements, to create 4 groups of 6 
animals each homogeneous for BCS (4 classes: 2.00, 2.50, 3.00, 3.25) and somatic 
measures (wither height, body length and chest girth). The shrunk live body weight 
(LW) of the ewes varied from a minimum of 34.75 ± 2.9 kg (mean ± SD) for the group 
with BCS 2 to a maximum of 51.98 ± 2.00 kg for group with BCS 3.25 (Table 1). 
After being identified, for twenty days the ewes were confined in individual pens 
equipped with manger and drinking point. In the first five days of trial they received 1.5 
kg of dehydrated alfalfa (CP 25%, NDF 43%, DM basis). After this period the ration 
was made with different quantities of dehydrated alfalfa and corn grain, so that they 
could maintain their original BCS. Groups of the BCS classes: 2.00, 2.50, 3.00 were fed 
1.0 kg/d, 1.2 kg/d, and 1.5 kg/d (as fed basis), respectively, of dehydrated alfalfa. The 
group with BCS 3.25 was fed 1.5 kg/d of alfalfa and 0.5 kg/d of corn grains. The ration 
was supplied daily in the morning, with residues weighed daily. 
 
Somatic measurements 
Somatic measurements used in this chapter were those carried out and discussed 
in Chapter 3 of this thesis. 
  
Preparation of the carcass and organs for chemical analysis 
After slaughter all the carcasses were divided in two half-carcasses. The left 
sides were frozen, to be later used to determine their chemical composition, while all 
non-carcass components (digestive tract, pluck, reproductive tract and mammary gland) 
were stored in separate polyethylene bags at -20°C until preparation for analysis. 
Weight losses occurring during dissection were considered to be proportional to 
each component. The carcass, non-carcass components and liver were analyzed 
separately. 
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All frozen components (carcass and non-carcass) were cut into pieces of 5-6 cm
3
 
and, while still frozen, were minced and ground, by using a mill grinder (La Felsinea 
1933 Elettroindustriali, Piazzola sul Brenta, Padova, Italy) with three different passages 
in plate holes of 25, 20 and 6 mm diameter. The ground samples were then mixed 
thoroughly with a mechanical mixer (La Felsinea 1933 Elettroindustriali, Piazzola sul 
Brenta, Padova, Italy) and samples in three replicates were taken. The samples were 
weighed and frozen at (-80 °C). Subsequently, they were freeze-dried for 72 hours for 
determining the pre-dried matter. Freeze-dried samples were further ground in a 
laboratory mill (Foss Italia S.p.a., Padova, Italy) and stored in freezer at -20°C for 
subsequent determination of dry matter, ether extract, crude protein and ash. 
 
Chemical analyses 
The dry matter (DM) of the carcasses and of the non carcass components was 
determined by drying 1 gram of sample in oven at 105°C for 12 hours until reaching 
constant weight. The ash content was measured by burning the samples in a muffle at 
550°C for 12 hours. The ether extract (EE) was determined by continuously extracting 
the samples with petroleum ether for 6 hours by using the Soxhlet methods (Soxhlet 
1979); the fat-free residue was then used to determine the crude protein (CP) content 
with the Kjeldahl method (AOAC, 1990). 
 
Statistical analyses 
Statistical analysis was conducted using Minitab
® 
Inc (1998) software. A 
analysis of variance monofactorial model with to 4 levels (BCS classes) was used. 
Regression analysis was used to evaluate the relationships among the variables studied. 
Correlations analysis was used to associate BCS, somatic measurements and empty 
body component composition (water, CP, fat and ash) as % of dry matter. 
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Results 
 
Live weight and empty body weight 
As already discussed in Chapter 3, LW and empty body weight (EBW; LW 
minus the contents of the digestive tract) (Table 1) increased as BCS increased (Table 1; 
P<0.01). In particular, there was a large variation between BCS 2.5 (LW 37.50 kg, 
EBW 32.00 kg) and BCS 3 (LW 45.42 kg, EBW 40.31 kg). LW and EBW varied 
largely even within BCS classes (Chapter 3). 
Regarding the composition of carcass and non carcass components (i.e. empty 
body weight minus the fresh weight of skin, wool, blood and distal limbs), water 
represented the major fraction (Table 1). The amount and concentration of fat increased 
dramatically (P<0.001) from BCS 2.0 to BCS 3.00 (from 0.97 kg to 9.46 kg and from 
6.9% to 31.8%), while there were not further significant increases going from BCS 3.0 
to 3.25 (Table 1 and Figure 1). Water and protein amounts increased (even though 
significantly only from BCS 2.00 to the three higher BCS classes), with much smaller 
absolute variations compared to fat, but their concentration decreased going from the 
lowest to the highest BCS class (Table 1 and Figures 1 to 3). Ashes did not vary in 
amount but decreased as percentage of empty body (Table 1 and Figures 1 to 3).  
BCS was highly correlated (r > 0.85 or < -0.85) to all values expressed as 




The chemical composition of carcasses is shown in Table 2. 
Carcass weight was higher in the two highest BCS classes (3.00 and 3.25) than 
in the lowest (BCS 2.00 and 2.50). A similar pattern was observed for carcass DM, and, 
less clearly, for the amount of water in the carcass. In terms of concentration, DM 
increased (highest in the two highest BCS classes) and water decreased up to BCS 3.00, 
then no further significant variations occurred.  
The amount of carcass CP slightly increased (P<0.01) going from BCS 2.00 to 
BCS 2.50 (from 2,28 to 2,72 kg), then did not vary. Body fat numerically markedly 
increased from BCS 2.00 to BCS 3.25 (from 0.67 to 6.43 kg), with significant 
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differences between the two lowest and the two highest BCS classes. The amount of 
ashes did not differ among BCS classes.  
In terms of concentration, CP and ash markedly decreased ad fat markedly 
increased going from BCS 2.0 to BCS 3.0, with not further variations reaching BCS 
3.25. 
The relationship between fat and CP concentrations of carcass components and 
BCS was linear with high coefficients of determination (R
2
 = 0.84 and 0.82 for fat and 
protein, respectively; Figure 2). The polynomial regression showed a slight curvilinear 
trend, with slightly higher coefficients of determination (R
2
 = 0.86 and 0.85 for fat and 
protein, respectively).  
 
Non-carcass components 
The weight and the chemical composition of non carcass components is shown 
in Table 3.  
The weight of non carcass components increased as BCS increased, with values 
that leveled off above BCS 3.00 (from 6.03 kg at BCS 2.0 to 10.85 kg at BCS 3.25). A 
similar pattern was observed for the DM weight, while water weight did not differ 
among BCS classes. In terms of concentration, DM increased (highest in the two 
highest BCS classes) and water decreased up to BCS 3.00, then no further variations 
occurred. 
The amount of carcass CP and ash was not affected by BCS, while that of fat 
was significantly lower in the two lowest BCS classes compared to the two highest BCS 
classes. Fat weight ranged from 0.30 to 4.52 kg. 
In terms of concentration,  going from BCS 2.0 to BCS 3.0 there was a marked 
decrease of CP (from 65.1% to 19.61%) and ash (from 6.48% to 1.68%) and fat 
markedly increased (from 20.2% to 80.2%), with not further variations reaching BCS 
3.25. 
Similarly to what observed for carcasses, the relationship between fat and CP 
concentrations of non carcass components and BCS was linear, with high coefficients of 
determination (R
2
 = 0.81 for both fat and protein; Figure 3). The polynomial regression 
showed a slight curvilinear trend, with slightly higher coefficients of determination (R
2
 
= 0.83 for both fat and protein). 
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Carcass vs. non-carcass components 
As BCS increased, body fat increased both in carcass and in non-carcass 
components. However, the increase occurred at a rate higher in non-carcass components 
than in the carcass. For this reason the proportion of fat in carcass, expressed as percent 
of total carcass and non carcassa fat, decreased and that non-carcass components 
increased as BCS increased (Figure 4). 
 
Liver composition 
Unfortunately the data on liver weight have been lost, thus liver weiht is not 
included in the weight of non-carcass components of this chapter. Anyhow, liver 
chemical composition was not affected by the variations in BCS (Table 4).  
 
Relationship between body fat concentration and somatic and carcass 
measurements 
Table 5 reports the correlation coefficients among BCS, somatic measures 
(described in Chapter 3) and chemical composition of carcass + non-carcass 
components. The BCS was much more closely associated to all chemical components 
than with the somatic measures considered. Among the somatic measures, the best 
associations with chemical components were observed for width of chest and width of 
pelvis, and, with lower association, with chest girth. 
In particular, the association between empty body fat concentration and width of chest 
was curvilinear and not high (R
 2
 = 0.34; Figure 5), with values showing a clear 
tendency to saturate as width of chest increased. 
Much higher was the association of empty body fat concentration and the amount of the 
fat associated to the kidneys (R
 2
 = 0.83; Figure 6) or tail fat thickness (R
 2
 = 0.84; 
Figure 7), with a very strong saturation effects above as these variables increased.  
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Discussion 
 
Chemical composition of carcass plus non carcass components 
The chemical composition of carcass plus non carcass components (C+NC; 
Table 1) measured on Sarda ewes was in line with that described by other authors for 
various breeds (Tissier et al., 1983; Bocquier and Thériez, 1984, Baucells, 1988; Ligios 
et al., 1995). However for the single component there are very different among these 
studies. 
As seen in Figure 1, as water concentration decreased, fat concentration 
increased but protein concentration decreased, as already reported a long time ago by 
many authors (e.g. Von Hosslin, 1881; Pfeiffer et al., 1886). 
Correlation coefficient among BCS and the concentration of C+NC components 
(Table 5) were high and positive for DM and fat concentration and negative for water, 
CP and ash concentration. These results are similar to the data on Western-range ewes 
(Sanson et al., 1993) and on cattle (Dunn et al., 1983; Baucells, 1988; Houghton et al., 
1990; Castrillo et al., 1995). 
 
Body water 
In this study total C+NC water varied from 72% at BCS 2 to 51% at BCS 3.25; 
this range was different from that of fat-tailed Barbary fat-tailed ewes (Atti et al., 2000), 
who found a mean of 56.3% of empty body weight, but it was in line with other data on 
Sarda ewes (Ligios et al., 1995). Water concentration of C+NC was negatively 
correlated with fat concentration, as already observed by Castrillo et al. (1995) in 
Churra and Laxta ewes. 
 
Body fat 
On Sarda ewes used in this trial, fat concentration varied of about 24.9% (8.50 
kg) for one BCS variation (from BCS 2.00 to 3.00). This BCS range is higher than that 
commonly observed in other sheep breeds (Cannas and Susmel, 2002). This is in line 
with the fact that also the change of LW for each BCS variation was higher than that 
reported for other breeds (Chapter 3). The same authors found large differences in fat 
content among sheep breeds. Based on the data they collected, it appears that body fat 
concentration (estimated converting carcass and non carcass fat content to EBW and 
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LW concentrations) found in this thesis at the lowest BCS is much lower than the values 
reported for all the other sheep breeds listed by Cannas and Susmel (2002) at the same 
BCS. In contrast, at BCS 3.00 the values are much closer to those of the literature. 
Despite these discrepancies, the strong relationship observed for Sarda ewes between 
BCS and C+NC fat content suggest that BCS is a valuable tool to assess body reserves. 
This is in agreement with the considerations of Ligios et al. (1995) for the same breed. 
However, probably the reference scale used should be re-evaluated, to have for the 
Sarda ewes relationships between BCS and body fat content similar to those of other 
breeds. 
The lower amount of body fat in the Sarda breed compared to other breeds is confirmed 
by the comparison with the data of Burton and Reid (1997). These authors found higher 
amounts of fat than that found in this trial: for similar BW (around 24 kg), Sarda ewes 
had 3.76 kg of body fat (Table 1), compared with 5.15 kg of fat of Shropshire castrated 
males, while the amount of the other body components (water, CP and ash) was similar 
among the two breeds (water, CP and ash). Even the C+NC composition was similar at 
the high BCS classes: at BCS 3.25 and BW of 34.67 kg the Sarda ewes had 10.94 kg of 
fat (Table 1), compared with 9.72 kg of fat of Shropshire castrated males of similar 
EBW (Burton and Reid, 1997). 
The fat percentage variations observed in this study (from 6.90% to 30.75% 
going from BCS 2 to 3.25) are different from those found by Atti et al. (2000) in fat-
tailed Barbarine ewes (from 12.5% to 37% of variation from leanest to fattest animals). 
 
Body protein 
As BCS increased the amount of body protein increased but its C+NC 
concentration decreased (Table 1). 
The concentrations of CP and ash observed for the Sarda ewes were similar to 
the values reported in the literature (Tissier et al., 1983, Castrillo et al., 1995). 
The amount of C+NC protein (3.90 kg; Table 1) of Sarda ewes at BCS 3 was 
lower than that reported for Yearling Boer X Spanish goats wethers with the same BCS 
(5.64 kg) (Ngwa et al., 2007). However, carcass+non carcass concentration of water, 
protein and fat of the Sarda ewes at BCS 2.5 was similar to that of goats at BCS 3 
reported by Ngwa et al. (2007). 
 
 
108                                                     Chapter 4 
 
Gianfranco Gaias- Body condition score and body composition of Sarda dairy ewes 
Tesi di Dottorato in Scienze dei Sistemi Agrari e Forestali e delle Produzioni Alimentari Indirizzo Scienze 
e Tecnologie Zootecniche – Università degli Studi di Sassari 
Carcass composition 
The chemical composition of carcass components (Table 2) showed that DM and 
weight and concentration increased as BCS class increased, while CP and ash weight 
increased but concentration decreased. This in line with studies on Suffolk, Finnish-
Landrace, and Rambouillet ewes supplemented with various energy levels (Ferrel et al., 
1979) and with those of Butterfiled (1988) with Australian Merino and Dorset Horn. 
The Sarda ewes from this study had higher percentage of water (70%) compared 
with Naeemi breed ewes at BCS <2 (Mohammed et al., 2009), indicating a higher 
proportion of muscle related to adipose tissue in the carcass. Fat carcass percentage as 
% of DM (Table 2) at BCS 3.25 was similar to that found by Fozooni and Zamiri (2007) 
in Iranian fat-tailed sheep. 
On a DM basis the carcasses of Sarda ewes at BCS 3.25 contained the same 
percentage of CP and fat of Omani sheep breed, while differed from goat carcasses of 
the same study (Mahgoub and Lu, 2004) with increased of the CP (40%). 
 
Non-carcass components 
The chemical composition of non-carcass components (Table 3) followed the 
same trend of the carcass: DM and weight and concentration increased as BCS class 
increased, while CP and ash weight increased but concentration decreased. This in line 
with studies on Suffolk, Finnish-Landrace, and Rambouillet ewes previously reported 
(Ferrel et al., 1979).  
On a DM basis, non-carcass components of sheep at BCS 2.5 contained the same 
percentage of CP and fat reported for the Omani sheep breed, while differed from goats 
(Mahgoub and Lu, 2004) with the same trend of carcass. 
 
Carcass vs. non-carcass components 
The proportion of fat in carcass, expressed as percent of total carcass and non 
carcass fat, decreased and that of non-carcass components increased as BCS increased 
(Figure 4). This in line with the data reported by many studies, e.g Ferrel et al. (1978 
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Relationship between body fat concentration and somatic and carcass 
measurements 
Regarding to the relationship among body composition and somatic measures, 
there was a strong association between tail fat detected post-mortem and fat 
concentration in the C+NC, suggesting that tail thickness in vivo might be used to 
estimate the fluctuation of body composition as proposed in other studies (Negussie et 
al., 2000; Ermias et al., 2003). As previously shown in Chapter 3, some somatic in vivo 
measures (chest depth, chest width, chest girth) were highly associated to body 
composition. 
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Conclusions 
 
From this study it is possible to conclude that, despite the high association between BCS 
body fat content, in Sarda dairy sheep the BCS is not a good predictor of body 
composition when it reaches values equal or above the value of 3. This may be due to 
the fact that the increase in internal fat depots above this BCS levels makes difficult the 
assessment of further body fat accumulation. These results are in contrast to what 
observed in meat or wool sheep breeds, in which body fat reserves are largely 
accumulated subcutaneously.  
The study shows that chest width and tail fat thickness have a high association to 
body fat reserves. Thus, it might be possible to used them to improve the predictions 
based on the BCS the composition in fat and may be associated with the BCS to 
improve the estimation of body reserves in Sarda sheep. However, further studies are 
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Tables and figures 
 
A,B,C 
Means within a row with different superscripts differ significantly (P<0.01) 
a,b,c
 Means within a row with different superscripts differ significantly (P<0.05) 
EBW: Empty body weight (skin + wool + distal limb + blood + carcass + non-carcass 
components) 
NS= not significant (P>0.05) 
 
Table 1. Live weight, empty body weight and its chemical composition of Sarda ewes of four 
body condition score (BCS) classes. 
 
Body condition score    
Variable 2.00 2.50 3.00 3.25 SEM P< 
n. 6 6 6 6   








 1.66 0.001 








 1.72 0.001 
Components of  empty body weight 










 0.13 0.006 
Wool (kg) 1.21 1.36 1.62 1.61 0.06 0.030 
Distal limb (kg) 0.81 0.78 0.90 0.88 0.02 NS 
Blood (kg) 1.19 1.21 1.63 1.60 0.12 NS 










 1.55 0.001 









 0.51 0.025 

















 0.96 0.001 
Ash (kg) 1.03 1.23 1.28 1.33 0.06 NS 
Chemical composition of carcass and non carcass components  








 2.00 0.001 


























 0.19 0.002 
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A,B,C 
Means within a row with different superscripts differ significantly (P<0.01) 
a,b,c
 Means within a row with different superscripts differ significantly (P<0.05) 




Table 2. Carcass weight and composition of Sarda ewes of four body condition score classes. 
 
Body condition score 
 
  
Variable 2.00 2.50 3.00 3.25 SEM P< 









 1.07 0.001 








 0.72 0.001 








 0.40 0.004 










 1.62 0.001 
     
  

















 0.56 0.001 
Ash (kg) 0.95 1.14 1.20 1.25 0.06 NS 
       








 2.54 0.001 








 3.74 0.001 








 1.15 0.001 
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Means within a row with different superscripts differ significantly (P<0.01) 
a,b,c
 Means within a row with different superscripts differ significantly (P<0.05) 




Table 3. Weight and composition of non-carcass components (liver excluded) of Sarda  ewes 
of four body condition score classes. 
 
Body condition score 
 
  
Variable 2.00 2.50 3.00 3.25 SEM P 
n. 6 6 6 6   








 0.51 0.001 








 0.43 0.001 
Water (kg) 4.75 4.38 4.77 5.23 0.15 NS 










 2.88 0.001 
     
  









 0.40 0.001 
Ash (kg) 0.08 0.09 0.08 0.08 0.01 NS 
     
  








 4.49 0.001 








 5.43 0.001 








 0.49 0.001 
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Table 4. Liver weight and composition (%) of Sarda  ewes of four body condition score 
classes. 
 
 Body condition score    
Variable 2.00 2.50 3.00 3.25 SEM P< 
n. 6 6 6 6   
Dry matter (% of liver weight) 27.81 28.13 28.28 28.77 0.47 NS 
Water  (% of liver weight) 72.19 71.87 71.75 71.23 0.20 NS 
Crude protein (% of DM) 70.35 69.96 68.68 69.33 0.43 NS 
Fat (% of DM) 7.86 9.32 9.93 10.38 0.47 NS 
Ash (% of DM) 5.49 5.41 5.33 5.71 0.13 NS 
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Figure 1. Relationship between body condition score (BCS) and empty body fat, crude 




y = -3.19x + 22.71 
R² = 0.95 
y = 20.72x - 33.78 
R² = 0.95 
y = -17.86x + 107.23 
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Figure 3. Relationship between body condition score (BCS) and fat and crude protein 
concentration of non carcass components. Based on  individual data. 
  
y = 34.16x - 51.24 
R² = 0.84 
y = -22.20x + 99.60 
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Figure 4. Relationship between body condition score (BCS) and carcass and non-
carcass fat concentration (% of total empty body fat). Based on treatment means. 
 
Figure 5. Relationship between in vivo chest width and fat concentration in the empty 
body Based on individual data. 
  
y = -8.42x + 85.67 
R² = 0.99 
y = 8.42x + 14.33 
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Figure 6. Relationship between post-mortem amount of kidney fat and fat concentration 




Figure 7. Relationship between post-mortem tail fat thickness and fat concentration in 
the empty body Based on individual data. 
 
y = -46.83x2 + 71.25x + 7.31 
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Image analysis of carcass characteristics of Sarda ewes of 
different body condition score classes 
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Abstractr 
 
Alternative methods as video image analysis (VIA) were proposed for assessing 
body energy reserves. This method has been tested successfully in non-ruminant farmed 
species (pigs, fish and others) and can be used to predict BW and BCS in lactating 
Mediterranean buffalo (Negretti et al., 2008). The VIA method has been little used in 
sheep for predicting carcass composition, but its future utility is clear. 
This work aimed to study a preliminary assessment of the ability of computer 
image analysis to quantify the proportion of fat, muscle and bones of the surface of 
specific cuts of the carcasses of Sarda ewes with different BCS. 
The utilization of computer image analysis (CIA) allowed to clearly separate 
muscles from fat and bones at 13
th
 vertebra surface. Particularly marked is the increase 
between BCS 3.0 to 3.25 for muscle and fat area. At BCS 2.0 the profile of the carcass 
appeared triangular while for other classes it was convex. 
Some methodological aspects require further studies to find univocal criteria to 
delimitate the exact area of the carcass section to analyze with the CIA in Sarda dairy 
ewes. 
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Introduction 
 
The body condition score (BCS) is the primary subjective method for assessing 
body energy reserves of ruminants. This method is based on the visual or tactile 
assessment of cattle, sheep or goats by trained evaluators. 
The BCS has the limit to be subjective and to require trained people to assess it. 
In the case of large flocks can be somehow time consuming. Ward (2003) suggested 
that this method is not widely adopted because does not produce a computerized report. 
For this reason, alternative methods for assessing body energy reserves were proposed. 
For example, De Campeneere et al. (2000) proposed the use of video image analysis 
(VIA) to measure conformation and body size traits of cattle. 
The VIA method represent a potentially powerful technique, because does not 
require to disturb the animals and allow automatic data collection. The evaluation of 
body composition based on image analysis has an accuracy that depends on the ability 
to correlate the image to body areas that are highly correlated with body composition. 
This method has been tested successfully in non-ruminant farmed species (pigs, fish and 
others). Indeed, different authors used digital image analysis for assessing body shape, 
weight and fatness of live pigs (Brandl and Jorgensen, 1996; Schofield et al., 1999; 
Doeschl et al., 2004). In Zebu cattle, Arias et al (2004) used digital images highly  
correlated with BW and various somatic measures. Negretti et al. (2008) demonstrated 
computerized image analysis can be used to predict BW and BCS in lactating 
Mediterranean buffalo. 
The VIA method is a system capable of objectively measuring carcass 
conformation. It requires various equipments, such as a video camera, controlled 
lighting and computer software to digitize the video image (Jones et al 1995; Wood et al 
1991). 
Other authors utilized stereo photogrammetry on pigs (Minagawa 1995) and 
cattle (Minagawa 1994) to determine their surface area and other measurements. 
The VIA method has been little used in sheep for predicting carcass 
composition, but its future utility is clear. Horgan et al (1995) reported that VIA, in 
lambs of uniform age and breed, predicted meat yield with greater accuracy than carcass 
weight, sex and the subjective system used in the UK. Thus, the VIA method is 
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potentially an accurate, objective, and yet cost effective method for evaluating lamb 
carcass composition. 
The objective of this work was to make a preliminary assessment of the ability 
of computer image analysis to quantify the proportion of fat, muscle and bones of the 
surface of specific cuts of the carcasses of Sarda ewes with different BCS. 
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Materials and methods 
 
Digital photography was used for the assessment of carcass characteristics in 
Sarda ewes. 
The measurements were carried out during September 2011 on eight ewes, two 
each for four BCS classes (BCS 2.00, 2.50, 3.00, 3.25). These animals were selected as 
described in the Chapters 3 and 4 and represented a subsample of the ewes used for the 
experiments described in those chapters.  
 
Carcass preparation 
After slaughter, the eight carcasses were kept in a cooler a 4°C for 24 hours. 
To facilitate the visual assessment and photography shooting, and to standardize 
carcass measurements, the carcasses was exposed vertically on a the table supported by 
three steel bars. An individual identification number was assigned to each carcass sheep 
and written in a black panel placed in front to the light shield used to take the pictures. 
 
Procedure for cutting and carcasses photos 
For the evaluation, 4 cuts were made with a chain saw on the frozen carcasses: 
1. Tail: cut at the level of 1st coccygeal vertebra; 
2. Pelvis: cut at the level of 1st sacral vertebra; 
3. Loin: cut at the level of last thoracic vertebra near the last – 13th - rib; 
4. Sternum: cut at the level of 3rd -4th rib. 
After each cut, the parts were cleaned and dried before the pictures were taken. 
Pictures of the carcass sheep were taken with a digital photographic camera 
(model D3s, Nikon, Japan) using a Nikkor objective of 105 mm, placed in a permanent 
station at 2 meters from the carcass. The camera remained at the same position 
throughout the duration of the photographic session. 
 
Photo processing 
The computer image analysis of the digital pictures was conducted by using a 
personal computer with 4 GB of RAM. Two software packages, Adobe Photoshop 
(version 3.0; Adobe System, San Jose, CA), and ImageJ software (NHI image Java 1.4, 
USA) were used for the image analysis. The Adobe Photoshop software was used 
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primarily for image processing after scanning, whereas the ImageJ software was used 
for image analysis. 
The digital pictures of loin cuts (last thoracic vertebra near the last rib - 13
th
 - 
surface) were used for further image analysis. The bones appearing in the carcass 
section were selected by image analysis and separated from the muscle and fat. Muscles 
were also subjected to image analysis to identify the boundary line between muscles and 
between muscles and fat.  
The image was processed as a gray scale image. The information extracted was 
converted from image into numerical data to estimate the following values of the 
carcasses of the 4 BCS classes: total muscle area (mm
2
) in the cross-section, total fat 
area (mm
2
) in the cross-section, and fat to muscle ratio. 
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Results and discussion 
 
The utilization of computer image analysis (CIA) allowed to clearly separate 
muscles from fat and bones (Table 1 and Figure 1 to 4). The total area considered fat 
plus muscle at 13
th
 thoracic vertebra surface increased as BCS increased. Particularly 
marked is the increase between BCS 3.0 to 3.25. The increase was also marked for 
muscle and fat area. The latter had particularly high variations, being extremely small at 
BCS 2 and increasing dramatically at BCS 3.25.  
The proportion between muscle and fat changed dramatically, with the 
proportion of muscle going from 93% to 57% as BCS went from 2.0 to 3.25. 
Accordingly, fat proportion went from 7% to 42% and the muscle to fat ration from 14 
to 1.8. However, in the case of BCS 2.5 the pattern was not clear, with one animal that 
had a percentage of fat and muscles similar to that of the animals at BCS 3.25. This 
contrasting result was probably due to the fact in some animals it was difficult to define 
the region on which to base the CIA and the calculations of the proportion of bones, fat 
and muscles. This suggests the need to find univocal criteria to delimitate the exact area 
of the carcass section to analyze with the CIA.  
Fat thickness detected in carcass using a caliper markedly increased as BCS 
went from 2.0 to 3.25. This measure has been used to calibrate the CIA. 
One interesting aspect is that at BCS 2.0 the profile of the carcass (Figure 1) 
appeared triangular (considering the area between the spinous process and the 
transverse processes of the vertebrae), while for other classes it was convex (Figures 2, 
3, 4). This contrasts with the criteria used to classify BCS (Russel et al., 1969) and with 
the evaluations of the 4 BCS assessors, who reported a clear concave are between the 
spinous process and the transverse processes for the BCS classes 2.00 and 2.5, a mild 
concave, almost flat, area between the spinous process and the transverse processes for 
BCS 3.00 an a mild convex area between the spinous process and the transverse 
processes for BCS 3.25. A similar pattern can be observed in the images published in 
some web sites (http://www.agric.wa.gov.au/content/AAP/SL/M/FN069_1994.htm) is 
reported for sheep meat breeds  
The difference between the shape of the rump reported by the assessors and that 
that appears in the images (Figure 1-4) might be due to the fact that the pictures were 
taken 24 hours after slaughtering, when the animals were still in rigor mortis. Thus, the 
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muscles probably were contracted and this caused the strong curvilinearity for the BCS 
equal or higher than 2.5 that can be observed in the images. 
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Conclusions 
 
Based on this research, it appears that the CIA is able to: i) clearly separated 
muscles from fat and bones, ii) to quantify the areas covered by these tissues, and iii) to 
estimate under skin fat thickness. This method then can be a valuable tool to classify 
degree of fatness of carcasses of ewes. 
Some methodological aspects which require further studies are: 
a) the need to find univocal criteria to delimitate the exact area of the carcass section to 
analyze with the CIA; 
b) the need to better understand why the CIA showed that all carcasses has a peculiarly 
convex shape, while the tactile evaluation of the alive ewes did not seem to reflect 
it.  
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Table 1. Muscle and fat area (mm
2
) and muscle to fat ratio calculated by video image analysis 
of the traits of loin cuts (last thoracic vertebra near the last rib – 13th – surface) of Sarda ewes 




2.00 2.50 3.00 3.25 
Ewe Ewe 1 Ewe 2 Ewe 3 Ewe 4 Ewe 5 Ewe 6 Ewe 7 Ewe 8 
Total area * (mm
2
) 811 1316 1970 3659 3705 1791 8792 5077 
Muscle area (mm
2
) 751 1236.7 1673 2394 2851 1372 6268 2716 
Fat area (mm
2
) 60 79 297 1265 853 409 2523 2361 
Muscle area (%) 92 94 83 52 70 70 60 55 
Fat area (%) 8 6 17 48 30 30 40 45 
Muscle to fat ratio 12.4 15.5 5.6 1.8 3.3 3.3 2.4 1.1 
Fat thickness ** 
(mm) 
1 1 1.5 4 3 3 4 10 
* measured at 13
th
 thoracic vertebra 
** measured at surface of the 13
th
 thoracic vertebra detected by caliper. 
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  1a). Loin cut     1b). Loin cut without bone 
 
 
1c). Loin cut gray image 
 
Figure 1. Loin cut (last thoracic vertebra near the last – 13th  – rib surface) of a Sarda 








2c). Loin cut gray image 
 
Figure 2. Loin cut (last thoracic vertebra near the last – 13th - rib surface) of a Sarda ewe 
with BCS 2.50. 
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3c). loin cut gray image 
 
Figure 3. Loin cut (last thoracic vertebra near the last – 13th - rib surface) of a Sarda ewe 









4c). Loin cut gray image 
 
Figure 4. Loin cuts (last thoracic vertebra near the last – 13th - rib surface) of Sarda 
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